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CHAPTER XIX 


METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS 

By Robert J. Anderson,' B. Sc., Met. E., D. So. 

Introductory.' -Aluminuni is the lightest of the metals that are used in large 
(juantities, having a specific gravity of 2.70+ ; once obtained as pig by modern 
reduction processes, it can be cast, worked, alloyed, and fabricated with mod- 
erate ease; metallurgically, it is one of the most interesting metals, but not 
one-tenth so much scientific investigation has been given to it as to iron. 
The merits of aluminum and aluminum alloys have been forced upon the 
engineering trades against a not inconsiderable opposition, and their worth as 
engineering materials has been proved beyond any doubt. Aluminum has estab- 
lished a place for itself among the non-ferrous metals because of its intrinsic, 
worth, and, despite its relatively high price, its consumption is increasing yearly 
at a rapid rate. Although aluminum is one of the most abundant metals 
of the earth’s crust, it is ac the same time one of the newest metals that has 
attained commercial importance. 

Historical Survey. — Aluminum, as a metal, cannot lay claim to great antiq- 
uity, as contrasted with iron, copper, and the copper alloys, and it was a rare 
metal as late as 1850. Civilization is indebted to H. St. Claire Deville for the 
pioneer work on reduction processes for the manufacture of metallic aluminum, 
but other investigators had carried out work prior to the eminent French chemist. 
Aluminum was first isolated by Oersted in 1825, who reduced aluminum chloride 
witl? potassium amalgam. The discovery of the metal has often been credited 
to Wohler, who in 1827 reduced the chloride with potassium. Up to 1845, 
Wohler had been able to produce only small amounts of aluminum, but still the 
amounts were sufficient to determine most of its propf?rties. The attempts of 
early investigators to produce aluminum are described at length in some of the 
older texts (cf. Richards,^ Minet,^ et al.).^ 

To II. St. C'laire Deville the honor belongs of having isolated aluminum in fairly 
large amounts in 1854. Deville first made aluminum by the reduction of aluminum 
chloride with potassium, and later improved the process, substituting the cheaper 
sodium for potassium. Deville also perfected processes for the manufacture of 
sodium, which greatly reduced the price of both sodium and aluminum. The Deville 
processes, however, were all expensive and not adapted to the cheap production of 
aluminum in large tonnages. Aluminum was made in small amounts in France and 
England by the Deville-Castner sodium-reduction method until the invention of the 
Hall-H6roult process in 1886-1887, which drove all other processes from the field. 
In 1886, the Cowles process,'® calling for the reduction of alumina by carbon in the 
presence of a metal (c.^., copper) in the electric furnace, was patented and used com- 

1 Consulting Metallurgical Engineer, Cleveland, Ohio. 

' Throughout this chapter reference numbers apply toHhc appended bibliography, except in the case 
of obvious footnotes. 
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mercially. This was the first successful thermal process, but it yielded intermediate 
aluminum alloys and not aluminum. 

In 1886, Hall in America aij^d Hdroult in Europe found independently that 
alumina dissolved in a liquid bath of aluminum fluoride and the fluoride of another 
metal yielded an electrolyte which would be decomposed by the electric current accord- 
ing t<3 

AI2O3 = 2A1 -h 30 

The effect of the Hall-H6roult electrometallurgical method upon the price of aluminum 
was felt soon after 1886, and all other processes were driven from the field by 1892. 
In 1855, the price of aluminum was $113 per pound, in 1890 it was $2.38, in 1900 it 
was 23 cts., and in 1914 the lowest price, 19 cts., was reached. In recent years, the 
price has fluctuated roughly between 20 and 33 cts. per pound. 

Many workers have been associated with the rise of the aluminum industry. In 
addition to those mentioned above there may be added the names of Davy, 
Bunsen, the Tissier brothers, Webster, Gratzel, Kleiner, Moissan, Ruff, Guilini, 
Askenasy, Bradley, Winteler, Scrpek, Doremus, Krause, Grabau, Frishmuth, Netto, 
Welden, and Richards. The brilliant part played by Richards in the development of 
the aluminum industry as a consultant for the leading producers is well known. 

Producers and Output. — The aluminum industry of the world has grown by 
leaps and bounds since the metal became relatively cheap commercially. In 
tonnage, aluminum now stands fourth among the non-ferrous metals, and it is 
exceeded only by copper, lead, and zinc. Richards has estimated that lead will 
be overtaken by 1930 and zinc by 1940. Table 1 gives the world production of 
aluminum over a period of years, by producing countries, and, for 1924, the dis- 
tribution of output of primary aluminum by the important producing firms may 
be taken as shown in Table 2.^ 
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Tabi/B 2. — Ebtiuatbd World Otrrpm' or Pruiart Aldmindm in 1924, DisTRiBTrTED 
BY Producing Companuds 


Company 

• 

Main office 

1 

Reduction works in^ 

Output, 

metric 

tons 

Aluminum Co. of America 

Pittsburgh, Pa., U. S. A. 

United States, Canada," 

98,000 

• 

L' Aluminium Frangaise 

Paris, France 

and Norway^ 

France, Switserland, and 

28,600 

Aluminium Industrie Aktien Qesellsehaft 

Neuhausen, Switserland 

Norway 

Switserland, Austria, 

23,000 

Northern Aluminium Co., Ltd 

Toronto, Canada 

Germany 

Canada ^ 

16,000 

German Government-owned works'* 

Berlin, Germany 

Germany 

12,000 

British Aluminium Co., Ltd 

London, England 

England, Scotland, Nor- 

10,000 

L’Aluminio Italiapo^ 

Milan, Italy 

way 

Italy 

2,000 

Aluminium Corporation, Ltd .... 

Dolgarrog, Wales 

Wales 

1,000 

Total 



186,600 


0 The present producing plants in Germany are the Erftwerk, the Lautawerk, and the Innwerk. 

^ Inoludiiig Booietk per la Fabbricazionr dell’ Aluminium. 

« Plant of subsidiary, the Northern Aluminium Co., Ltd., in Canada; output given under this 


company. 

^ Plant of subsidiary, the former Norsk Aluminium Co., in Norway; output in 1024, about 8,000 
nietrio tons. 
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Total reduction-cell capacity of the world is now about 300,000 metric tons, 
and the relative capacity of the different producing countries is about as shown 
in the accompanying diagrammatic wheel of Fig. 1. 

A recent development of great importance is the new hydro-electric powerplant 
and aluminum works of the Aluminum Co. of America, now (1925) under con- 
struction at Chute a Caron on the Saguenay river in Canada. This ^will mark- 
edly increase the present capacity of the company. 

The political control of both the bauxite mines and the aluminum-reduction plants 
of the world is largely in the hands of the United States, Great Britain, France, 
Germany, and Switzerland, and the principal aluminum -producing countries of the 
world, as of 1924, were the United States, Norway, Switzerland, France, Canada, 
Germany, Great Britain, Austria and Italy, in the order named. For many years, 
the United States has turned out about 50 per cent of the world's production. A 
number of countries, including Australia, Belgium, India, Japan, and Sweden, are 
consumers of aluminum V)ut do not produce primary metal. The aluminum-produc- 
tion situation has been discussed in detail by Richards, ** the writer, and Fox.’^ 

Markets and Trade Statistics. — ^In general, the consumption of foreign 
producing countries is much less than the supply, but in the United States, under 
normal conditions, the domestic output is by no means equal to the demand. 
The United States, therefore, is compelled to import substantial amounts of 
primary aluminum pig, and imports in 1924 were about 29,000,000 lb., as com- 
pared with production of about 187,000,000 lb. Imports came largely from 
Norway, Canada, Switzerland, and Great Britain. Aluminum exports from 
the United States have generally been small. Table 3 gives a summary of the 
imports of aluminum into the United States by countries of origin. There is a 
general absence of any trading market in the United States for primary aluminum, 
since prices are controlled by the Aluminum Co. of America, and importers 
sometimes offer foreign metal at to 1 ct. per pound under the domestic price. 
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Detailed statistical data covering productioui imports, and exports, etc. are 
given yearly by the writer^® in the Mineral Industry y by Hill,*® by the Imperial 
Mineral Resources Bureau,®® and by the Metallfesellschaft. 

In the United States, import duties on aluminum and manufactures thereof have 
been levied for many years. Under the old Underwood-Simmons Act, the import 
duty on alftminum, aluminum scrap, and aluminum alloys was 2 cts. per pound, and 
that on sheets, coils, plates, bars, rods, and related semifinished manufactures was 
3>2 cts. Under the later Payne- Aldrich Act, these duties were 7 and 11 cts., respec- 
tively, and under the present Fordney-McCumber law, the duties are 6 and 9 cts., 
respectively. In general, the price of aluminum in the United States has been 
increased in the past in about the same proportion as the duty on foreign metal h^s 
been increased. 

Aluminum Ores, and Bauxite Mining. — Aluminum is the most abundant of 
the commercial metals and is third in abundance of the elements in the earth^s 
crust, following oxygen and silicon. Aluminum is nearly twice as abundant as 
iron, and constitutes about 7.85 per cent of the earth’s crust (Clarke). Alumi- 
num is an essential constituent of all important rocks, except the sandstones and 
limestones, but even in these its compounds are common impurities. Aluminum 



Fic}. 2. — Microstructure of bauxite pisolite with oolitic matrix; Xll. (Shearer.) 

never occurs native, and, except for its fluorides, it invariably occurs as oxidized 
compounds. Thus, it is found mainly in the silicates, such as the clays, micas, 
and feldspars; as the oxide, corundum; as the hydroxide, bauxite; as the fluoride, 
in cryolite; and also in various phosphates and sulphates. Although aluminum 
minerals occur widely, few of these can be employed as ores in the manufacture 
of aluminum, and in the present commercial production of aluminum only two 
aluminum minerals are utilized, viz,y bauxite and cryolite. Bauxite is the base 
ore for aluminum reduction and bears the same relation to aluminum that hema- 
tite does to iron. Cryolite is the basis of the reduction-cell bath. 

Bauxite and Related Minerals . — Theoretical bauxite has been given the 
formula AI 2 O 8 . 2 H 2 O, but the usual ore has chemical composition midway between 
diaspore (AI 2 O 8 .H 2 O) and gibbsite (AI 2 OS. 3 H 2 O); sometimes it is near the one 
and sometimes near the other. Bauxite is an earthy mineral and neVer crystal- 
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Used; it occurs in a variety of forms, but usually has a pisolitic or odlitic struc- 
ture, with rounded concretionary grains embedded in a clay-like mass. The 
color ranges from light cream throagh various shades of brown to a deep brownish 
red, depending on the iron content. Bauxite takes its name from the village of 
Baux, near Arles in France, where it was first found by Berthier. The following 
physical properties of bauxite may be noted as an aid to identifying the mineral : 
hardness, 1 to 3 (Moh); specific gravity, 2.55; melting point — on heating it 
changes to AI 2 O 8 , which, when pure, melts at 1880 to 2050®C.; index of refraction, 
1.57; color, white, cream, yellow, brown, gray, or red; streak, variable; luster, 
dull to earthy; cleavage, irregular fracture; transparency, opaque; tenacity, 
crumbly. Diaspore and gibbsite are associated with bauxite and found under 
the same conditions. Laterite is an aluminous ore, which is essentially a mixture 
of iron hydrate, aluminum hydrate, and silica in varying proportions. The Indian 
aluminum ores are laterites. Figure 2 shows the microstructure of a hard, high- 
grade, pisolitic bauxite from Georgia. 


zB^sicLaa! mantle 

'-of 

\i,Pisolltic^ bauxii^. \ 

‘ ‘‘ ' •°e®. \\ 

bottom of pit _ ^ 


obQUJc/^^ 


ed or chocolate day ^ 
nd bauxite thin bedded 


? depth 
\ known 




Talus 




Fia. 3. — Typical bauxite deposit. (Hayes.) 


Various theories have beon advanced by geologists to account for the deposition 
of bauxite in the earth’s crust. Bauxite occurs under a variety of conditions which 
suggest dissimilarity of origin, and no one theory appears to account for all cases. 
Some bauxites are regarded as decomposition products of granites, syenites, gneisses, 
and basalts, while others have apparently been derived by solution of the alumina 
from sedimentary rocks, such as shales, followed by deposition in limestones and 
dolomites. It is well established that bauxite may be formed by more than one geo- 
logical process; it occurs in situ, as does laterite, as a residue from the decomposition 
of rocks; it is found also, evidently, as a precipitate; and at times it occurs like any 
other disintegration product in beds representing transported material. The super- 
ficial concentration of bauxite is analogous to that of iron ores, and in some deposits 
both are found together. Just as iron ores are concentrated from dunite, peridotite, or 
greenalite and sideritic rocks, so bauxite is concentrated from nepheline syenite, clayey 
limestone, and other rocks rich in aluminum, and particularly from those that furnish 
abundant alkaline solutions to aid in the removal of silica. Figure 3 shows a section 
of a typical bauxite deposit. The theory of deposition has been discussed by Hayes,** 
among others. 

Commercial Bauxites. — Bauxite occurs at a number of places in the world, 
but high-grade deposits are not numerous. Commercial bauxite ore is an 
hydrated oxide of aluminum, or a mixture composed of at least two and probably 
three hydrates, mixed with various impurities, chiefly iron oxide, silica, clay, and 
titania. Other impurities present are calcium oxide, magnesia, potassium oxide, 
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and sodium oxide, in subordinate amount. The water content, both^fhechanical 
and combined, is variable over a wide range. Table 4 gives the chemuml^mposi- 
tion of some bauxites from various sources, which will serve to indicate the range 
of a variety of deposits. The color of bauxites varies considerably depending 
upon the iron-oxide content, being whitish when silica is predominant and red 
when iroq oxide is present in important amount. In a general way, the range of 
composition of bauxites is as follows: alumina, 45 to 70; silica, 2. to 30; ferric 
oxide, 3 to 25; and loss on ignition, 12 to 40 per cent. About 3 per cent of titania 
is associated with these oxides, and this is characteristic. Bauidtes may be 
roughly classified, on the basis of their impurities, as follows: (1) high in iron and 
low in silica (red varieties) ; (2) low in iron and high in silica (white and gray), 
and (3) iron and silica contents about the same, either high or low. Bauxite 
is graded according to chemical composition and sold to the consuming industries 
on the basis of chemical analysis. The grading and the marketing of bauxite 
have been discussed by HilH®-*® and Ladoo.^* 


Table 4. — Analyses of Some Bauxites from Various Sources' 





Chemical composition, constituents per cent 


Source 

SiOi 




Loss on 
ignition 

Other constituents 

Total 

United States: 








Arkansas^ 

10 0 

4 0 

52.0 

4 0 

30.0 


100.00 

Arkansas^ 

4.0 

4.0 

.53.0 

10 0 

20.0 


100.00 

Alabamao 

2 10 

3 12 

61 0 

2 20 

31 68 


100.00 

Alabama 

21 08 

2 52 

48 92 

2 19 

23.86 

PsOii trace 

98.57 

Georgia . 

6 62 

1.05 

64 01 

0 28 

33 53 



100.30 

Georgia 

9.08 

3.44 

67.28 

0.96 

20 12 


09.88 

Austria: 








Sonnthal 

6 32 

0 91 

64 05 

15 03 

13 28 

* 

100.40 

Feistntz 

13.60 


57 25 

0 07 

24.38 

CaO, 1.80; P*Oi, 1.40 

09.40 

Croatia: 








RudopoUe . . 

6 30 


06 02 

14 82 

12.70 • 


09.84 

Grgienbrieg. 

10 20 


50 61 

26.89 

11 20 


00.08 

Dalmatia: 








Mosde. . . . 

0 87 


59 27 

24.36 

15 03 


100.43 

Ilvar 

30.47 


20 05 

16.24 

17.14 

CaO, 6.79; MgO, trace 

00.60 

France: 








Var.. .. 

0 30 

3 40 

00.30 

12.90 

14 10 


100.00 

Bouche8-du-Rh6ne . 

4.80 

3 20 

55 40 

24.80 

11.60 


100.00 

Germany: 








Garbenteich 

1.10 

3 20 

50.02 

15.70 

28.60 

CaO, 0.80; MgO, 0.16 

100.58 

Firnewald. . . 
Hungary: 

4.02 

2 80 

53.10 

10.62 

27.80 

CaO, 2.62; MgO, trace 

00.86 

‘ Bih&rhegys^g. 

6.09 

3 10 

58 70 

! 10.23 

11.80 

CaO, 0.80 

100.32 

Kir41yerd6 

1.62 

1.15 

60.83 

25 82 

11.31 

/ 

100.73 

Ireland 








Antrim 

6.01 


61 80 

1 06 

27 82 


07.98 

Antrim. . 

15.06 


43.44 

2 11 

i 

35.70 


96.30 


• Approximate composition. 

1 From different published analyses. 

Bauxites are used for abrasives, for chemical and refractory manufacture, and for 
the preparation of high-alumina cements, as well as for aluminum reduction, and the 
grade of ore required is variable, depending upon the use. For different uses, the 
grades of bauxite desifed in American practice are as follows: 
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For aluminum manufacture; alumina (AlaOs), more than 52 per cent; silica 
(SiOi), less than 4.5; and ferric oxide (FcqOj), less than 6.5 per cent.,^ (At the present 
time, bauxite carrying less than 50 per cent AI 2 O 8 and up to 7 per cent SiOa is being 
used.) High-grade bauxites for aluminum manufacture often contain 58 to 65 per 
cent AUOs, as little as 1 per cent Fe 203 , and 3 to 5 per cent Si02. 

For chemical purposes (alum and aluminum sulphate preparation): alumina 
(AI 2 O 3 ), more than 52 per cent; low ferric oxide and titania are preferable, e.flf., less 
than 3 per cent of each, but for some uses less pure ores are employed; requirements on 
silica arc not set, but bauxites containing up to 19 per cent Si 02 are used. It is defi- 
nitely required that the alumina shall go readily into solution in dilute sulphuric 
acid. 

For abrasives : various grades of bauxite are employed, but those low in iron and 
titanium are preferred. Generally, the requirements are: less than 5 per cent Si 02 , 
preferably 3 per cent; 2}i to 4 Ti 02 ; and 3 to 5 per cent Fe 203 . 

For refractories: the principal requirement is low iron and titanium contents, but 
the silica may be fairly high. So-called high-alumina clays, containing 48 to 52 per 
cent AI 2 OS, and high-grade disaspore, containing up to 80 per cent AI2O3, are now used 
in the refractory industry. 

Table 5 shows the world production of bauxite. 

Cryolite . — Cryolite is an aluminum mineral of the composition NasAlFe 
(or SNaF.AlFs), required in the production of aluminum, being the chief constitu- 
ent of the electrolytic bath and used to dissolve the alumina. The actual 
composition of pure cryolite is 32.8 per cent sodium, 12.8 per cent aluminum, and 
54.4 per cent fluorine. The only commercial source of cryolite is the deposit 
at Ivigtut, Araukfiord, South Greenland, owned by the Kryolith Mine & llandels- 
selskabet, A/S, of Copenhagen, Denmark. The high price of cryolite has led to 
the production of artificial cryolite, and this is now used generally in aluminum 
manufacture. Methods of preparation for artificial cryolite are described by 
Pattison,^ Mortimer, *2 and others. In a patented process by Howard,^ the 
artificial product is prepared by the interaction of aluminum fluoride and sodium 
fluoride in the presence of an ammonium compound, according to 

AI2F6 -f 6NH4F H- ONaNO., = AbFfi.GNaF -|- 6NH4NO3. 

In the Hulin process, pure hydrated alumina is treated with hydrofluoric acid, 
and the resulting product is saturated with sodium dioxide, giving artificial 
cryolite. 

Other Aluminum Minerals. — A few other aluminum minerals may be men- 
tioned. Alunite (K. 20 . 3 Al 203 . 4 SC) 3 . 6 H 20 ) is an hydrous sulphate of aluminum 
and potassium, found in many places, ^nd worked at Tolfa, Italy, and in Utah and 
Colorado. Alunite has been studied considerably as a source of both alumina and 
potash. Ck)rundum is the sesquioxide of aluminum (AUO'a). It does not occur 
in sufficiently large deposits to make it an ore, but it was formerly used in the 
Cowles process for manufacturing aluminum alloys. The feldspars are an 
important group of rock-forming minerals containing aluminum, but none of these 
is an ore. The feldspars vary widely in composition and include such minerals 
as orthoclase (KAlSiaOs) and anorthite (CaAl2Si208). Labradorite, a feldspar, 
found in large quantities in Norway, has been used experimentally as a source of 
alumina for aluminum manufacture. Leucite, potassium-aluminum metasilicate 
(KAl(Si 08 ) 2 ), has been employed experimentally as a source of both alumina 

lU. 8 Patents, 1511560 and 16115G1, Oct. 14, 1924. 
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and potash. The well-known china clay, kaolinite, is a basic orthosilicate of 
aluminum, coiresponding to H 4 Al 2 Si 20 g, and is one of the most important min- 
erals of aluminum. The mineral kaolin is kiiown variously as white china clay, 
pure white clay, and fuller earth. The great purity of high-grade kaolin and 
the large available deposits stamp it as the logical ore for the manufacture of 
aluminiyn, but it cannot be now employed because of the cost of separating the 
alumina from the silica. Common clays are simply very impure kaolins. Silli- 
manite, cyanite, and andalusite are three aluminum minerals of great importance 
to the ceramic industry because of their conversion on firing to a compound known 
as mullite or artificial sillimanite, which latter possesses very useful properties. 
The formula for sillimanite, cyanite, and andalusite, is AlgOa.SiOg. Myers‘S® 
discusses the occurrences and uses of sillimanite, cyanite, and andalusite. There 
are many other aluminum-bearing minerals, but space prevents mention of them 
here. 


1 Based on statistics prepared by the writer for the Mineral Industry. 

« Unofficial figures 

* Figures not yet available. 

« See Austria. 

Fsti mated 

' No record of any production prior to 1920. 

/ Reported under Jugo-Slavia 

e Istria included under Italy 

A Mines closed early in 1021 and not opened until December, 1022. 

Bauxite Mining and Preparation. — Bauxite is mined ordinarily by open-pit 
methods, since the producing bodies are near the surface. Ladoo^* has discussed 
the mining operations of the American Bauxite Co., in Arkansas, which are 
typical of large-scale production. The ore bed at Bauxite, Saline County, runs 
about 11 ft. thick, and the overburden is 25 to 140 ft. thick. In mining, the 
overburden is first stripped off by steam shovel, and the stripped surface is then 
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deai^ and swept. The ore is loosely consolidated, but it is usually too hard to 
be mined without blasting. Low-strength dynamite is used for blasting. The 
loosened ore is loaded by steam sl^ovel on cars. Figure 4 shows the mining of 
bauxite with steam shovels at a mine of the American Bauxite Co., at Bauxite, 
Ark. In 1924, the American Bauxite Co. started underground mining at its 
Bauxite, Ark., properties in order to overcome heavy stripping costs. In the 
Georgia-Alabama-Tennessee district, the ore occurs in lenticular and irregular 
deposits which do not lend themselves to steam-shovel operation, and all mining 
is done by hand. 

It should be pointed out that the concentration or beneficiation of loosely consoli- 
dated bauxite mixed with clay has been tried at a few mines in the United States, 
using log washers, but this practice is now rare here. In Germany, ores from many 
small concessions in Hesse are washed at a central washing plant. Recently, consider- 
able interest has been displayed in the possibility of beneficiation of low-grade bauxites 
and bauxitic clays because of the dwindling of high-grade bauxite. Everhart has 
shown that clay can bo separated from bauxite by washing in the presence of small 
amounts of added peptizers, e.g., sodium hydroxide and the more strongly adsorbed 
sodium salts. 



Fio. 4. — Mining bauxite with steam shovels, Bauxite, Ark. 


Bauxite, when mined, may be given preliminary treatment on the ground, depend- 
ing upon the nature of the ore. The bauxites found in the United States ordinarily 
contain I.*) to 33 per cent of combined water, together with a varying amount of. 
mechanically lield moisture, and, since the ores must ordinarily be shipped long dis- 
tances, it is usual to dry the ore at the mines so as to save freight and to facilitate fine 
grinding for later use. For the preparation of alumina to be used in the manufacture 
of aluminum, bauxite is ordinarily crushed and dried at the mine, but not ground 
finely. In crushing, the cnjde ore is run through gyratory or other types of rock 
breakers and crushed to small nut size. Gyratory breakers are generally used for 
hard ores and disintegrators for soft ores. It is desirable to calcine most bauxites 
in order to remove organic matter which would interfere with the precipitation of 
aluminum hydnwide in the preparation of alumina, to oxidize ferrous oxide to ferric 
oxide, and to remove water which may be present in sufficient amount to form a 
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pasty mass and clog the screens in fine grinding. For calcination, the ore may be 
heated at about 600°C. in cylindrical rotary kilns of the type shown in Fig. 5. By 
such treatment, the moisture content is reduceck to to 1 per cent. Kilns for cal- 
cination are 3 to 7 ft. in diameter and 30 to 50 ft. long. 

Markets and Trade Statistics. — The market for bauxite is always rather 
variable m the absence of trading, since consumers either largely control their 
own supplies or else are covered on long-time contracts with mines. In the open 
market, domestic bauxite is sold on the long-ton basis at a price, f.o.b. cars, point 
of shipment. Imported French bauxite is quoted per metric ton, c.i.f. Atlantic 
ports. Typical selling prices in 1924 for domestic ore were : $5.50 to $8.75 per ton 
for the dried, $12 to $14 for the crushed, and $20 for the calcined. French ore 
sold at $5 to $8. The present duty on bauxite imported into the United States 
is $1 per long ton, and that on alumina is 1 c. per pound. The principal markets 
for bauxite in the United States are east of the Mississippi River. Marseilles, 
France, and Fiume, Italy, are large shipping centers in Europe. 



Fig. 6. — Rotary calcining kilns. 


’ Production of Aluminum. — For the past thirty-five years, the production of 
metallic aluminum on a commercial scale has been carried out in two essential 
steps: (1) the preparation of alumina of high purity from bauxite, and (2) the 
electrolysis of the alumina in a liquid bath of cryolite plus other added salts. 
The reduction of alumina (AI2O3) to aluminum cannot be done by carbon smelting, 
as with iron, copper, lead, and other commercial metals. Or, more precisely, alu- 
mina can actually be reduced by carbon, but, at the temperature and conditions 
of such reduction, the aluminum so reduced either volatilizes, oxidizes, or inter- 
acts with carbon monoxide or dioxide, forming aluminum carbide or aluminum 
oxide. Modern processes for aluminum reduction depend primarily upon the 
preparation of substantially pure alumina, and this is the first step in the treat- 
ment of bauxite after calcination and grinding. 

As pointed out previously, crude bauxite ore contains varying amounts of ferric 
oxide, silica, titania, and other impurities; these oxides must not be present in the 
alumina which is added to the electrolytic bath, since otherwise the reduced metals, 
iron, silicon, etc. will appear in the resultant aluminum. It should be emphasized 
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that one of the chief difficulties in the metallurgy of aluminum lies in the fact that the 
metal, after being produced, cannot be refined, as can copper and other of the com- 
mercial metals, and the purity ofgthe metal secured by electrolytic dissociation 
depends primarily upon the purity of the alumina and the electrolytic bath. Many 
patents have been issued which apparently cover every conceivable method for 
obtaining aluminum from aluminum-bearing minerals, but the only commercial proc- 
ess is that one calling for the electrolytic dissociation of alumina dissolved in a liquid 
bath of cryolite plus other added salts. Electrolytic methods for the dissociation of 
aluminum compounds are not applicable in aqueous solution, and fused electrolytes 
must be employed. For the electrolytic process, a primary requisite for commercial 
practice is a source of cheap electric current, since an enormous amount of current 
is required, and all aluminum -reduction plants in the world, except certain ones in 
Germany, consume electric energy derived from hydroelectric power plants. For this 
reason aluminum -reduction plants are normally situated within easy access of water- 
falls, and steam-raised electric power is totally out of the question as a source of current 
for economical aluminum production. 

Preparation of Alumina. — In the present Hall-IIeroult process, the raw 
materials for the production of aluminum include substantially pure alumina, 
cryolite (plus cal(;ium and aluminum fluorides for the bath), and carbon elec- 
trodes, and the first st(‘p in tluj manufacture of the metal consists in the purifi(;a- 
tion of bauxite by chemical methods, when*by substantially pure alumina is 
])rodu(;ed. There are two main processes bn- the preparation of alumina, 
although many patents have ])oen taken out for doing this in one way or another. 
These [)rocess<*s an* (I) the Bayer process, and (2) the l)(*ville-P(5chiney process. 
Th(* j)r(*paration of alumina has been discussed at length in the literature.^-**-^'^'’**-- 

44, ir, 


The usual process employed for the preparation of alumina from bauxite is the 
Bayer procc^ss, a wet chemici,! method. In this, the chemical principle involved is 
the formation of sodium aluminate by the treatment of bauxite with aqueous sodium 
hydroxide and the subsequent precipitation of aluminum hydroxide from the sodium 
aluminate, followed by calciiAtion of the aluminum hydroxide to alumina (Abf^a). 
In practice, calcined bauxite is first ground, e.g.^ in a ball mill, to 100 mesh or finer, 
and this is next mixed with acpieous sodium hydroxide, specific gravity 1.45 (44.8°Be'.) 
in a vessel fitted with stirrers. After intimate stirring, the mixture is then run into 
steam-jacketed autoclaves and digested for 2 to 8 hr. under 60 to 70 lb. pressure at 
150 to 160°C. The alumina of the bauxite is acted upon by the sodium hydroxide 
with the formation of sodium aluminate^ according to 

AbOa + 2NaOH '= 2NaA102 + II 2 O 

The impurities ferric oxide and titania are unaffected by the sodium hydroxide, as is 
the greater part of the silica. Part of the silica is dissolved and riiacts with alumina ■ 
and sodium oxide to form insoluble double aluminum sodium silicate. Dissolution 
of silica is prevented by adding lime to the bauxite during fine grinding, and this 
subsequently causes the formation of insoluble calcium silicate and prevents loss of 
alumina. About 90 per cent of the alumina in the bauxite is dissolved by the digest- 
ing treatment. 

When the digesting treatment is completed, the liquor (including the residue of 
impurities) from the autoclaves is blown into large iron settling tanks of about 1,600- 
cu. ft. capacity and allowed to settle for 4 to 5 hr. so as to effect separation of the solid 
impuril ies. The settled residue contains ferric oxide, silica, titania, and other impuri- 
ties from the bauxite, as well as some alumina not dissolved, and is known as “red 
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mud/' This is discarded. The sodium aluminate liquor from the autoclaves is 
first diluted from specific gravity 1.45 to 1.23 (26.9®Be'.), and after settling in the 
tanks is run through filter presses for remov^g suspended matter and into large 
precipitation tanks or decomposing vessels. Figure 6 shows a type of tank fitted 
with stirring apparatus used by European producers*^ for precipitation of aluminum 
hydroxide. In precipitating aluminum hydn)xide from the sodium -aluminate liquor, 
a small aftnount of freslily prepared aluminum hydroxide is added to the tank and the 
whole is stirred; aluminum hydroxide is precipitated from the liquor over a period of 
time running up to about 60 hr. About 70 per cent is precipitated in 36 hr., and the 
remainder precipitates on further standing. The precipitated aluminum hydroxide 
settles to the bottom of the tank, wliere it is drawn off and put through filter presses, 
yielding a product for calcination to alumina. The sodium-hydroxide liquor from 
the tanks is evaporated in vacuum pans and concentrated to specific gravity 1.45 
for reuse in the treatment of raw bauxite. 

After filter pressing, the partially dried aluminum hydroxide is calcined so as to 
drive off wat(^r and yield substantially pure alumina. This calcination is generally 

carried out in tubular rotary kilns, lined with 
fire brick, and similar to those used in calcining 
bauxite or burning cement. The kilns are run 
at 1000 to 1100°C. The resulting alumina 
contains 08 to 90.5 per cent AI2O3, and may 
contain up to 0.30 per cent mechanical water, 
0.50 per cent combined water, 0.20 per cent 
silica, 0.10 per cent ferric oxide, and other 
impurities in subordinate amounts. After 
calcination, the alumina is ready for use in 
the electrolytic-reduction cell. 

The Dcvilhj-Pechincy (or Le Chatelier- 
Morin) process was fonncrly the principal 
process for the preparation of alumina, but 
this has been largely supplanted by the Bayer . 

Fia. 6.— Biiycr Drccipitiitioii tank. prowss. The former is still used, however, 

for the trcatmqpt of bauxites (-specially high in 
iron, but it is not suitable where silica is high. In the process, ground bauxite, 
after calcination, is mixed with sodium carbonate, about 1 to 3 parts of 
sodium carbonate and 1 part bauxite, and the mixture is roasted in a rotary or rever- 
beratory furnace for 2 to 1 hr. at KKK) to llOO^C. A small amount of powdered coal 
is sometimes added to the mix. The sodium carbonate combines with the alumina, 
carbon dioxide is evolved, and the impurities are unattacked. The roasting must be 
done with care to avoid melting of the mix, and the product of the roast is a grayish- 
brown substance, consisting of a mixture of sodium aluminate and the impuritiejs. 
The reaction is 

Al^O., + NaaC^O., = NaAlOa -i-'CO, t 

After roasting, the mass is lixiviated with hot water, whereby the sodium alumi- 
nate is dissolved, while the silica, ferric oxide, and titania, being insfiluble, are left as 
a residue. The liquor is settled for the removal of the solid impurities, as in the Bayer 
proc^css, and is then passed through filter presses, for removal of any suspended matter, 
and then into tall precipitation tanks. For precipitation, carbon dioxide is blown into 
the liquor, and the reaction is 

2NaA102 -f CO 2 + 3 H 2 O = 2A1(0H)3 -f NaaCO^ 

This precipitation requires 4 to 5 hr. and is carried out at 70°C. The precipitated 
aluminum hydroxide is filter pressed, dried, and calcined, as in the Bayer process, 
yielding alumina. 
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Some other processes have been devised and actually employed for the preparation 
of alumina, bUt only one, i.e., the sulphuric acid process for the treatment of high- 
siliea bauxites, is in commercial use^t the present time. Certain other methods for 
obtaining a compound of aluminum (such as the fluoride, nitride, carbide, and chlo- 
ride) from aluminum minerals have been worked out. A few of these possess poten- 
tialities, but the majority of them have no discernible commercial possibilities. 
While many processes have been devised for the preparation of alumina from clays 
and other fairly high aluminous minerals, none of these is commercial. There is very 
great need for a cheap process which will successfully accomplish this, thereby reducing 
the cost of aluminum. A few processes which have been employed commercially or 
have reached the semicommercial scale are discussed briefly below. 

In the sulphuric-acid process for the treatment of high -silica bauxites, the ore is 
first ground finely, heated, and then treated with warm sulphuric acid, specific gravity 
1.25, with the formation of aluminum sulphate. Separation is made from the impuri- 
ties, the solution evaporated, and the salt calcined to alumina. In the Peniakoff 
process, ground bauxite, sodium sulphate, and a small amount of coal are mixed, 
and the mix then heated at 1200 to 1400®C., yielding sodium aluminate, according to 
AUOs + Na2S04 + 3C -h O 2 - 2NaA102 + SO^ + 3(X) 

The sintered mass is then treated as in the Deville-Pechiney process for the produc- 
tion of alumina. In the Serpek ijrocess, aluminum nitride is produced by heating a 
mixture of ground crude bauxite and carbon in an atmosphere of nitrogen at 1600 
to 1800®C. The aluminum nitride formed may be roasted with sodium carbonate 
yielding sodium aluminate and ammonia, or it may be decomposed by the action of 
water to form aluminum hydroxide and ammonia, according to 
AIN + 4H2() = NII 4 OH + A1(()H)3 

Further treatment in either case is as in the Bayer process. Other processes have 
been devised by Tone, Sinding-Larsen, Cowles,* (vhilds, Lccesne, Schwan, Miguet, 
Haglund and others, but these cannot be discussed here. 

Primary Aluminum Manufacture. --The present commercial process for the 
production of aluminum is <e8sentially the same as that described in the original 
Hall-H6roult patents of 1880 to 1888, and all aluminum made today is produced 
by the electrolytic dissociation of alumina dissolved in a bath of liquid (fused) 
cryolite plus other added salts. The sodium-reduction process need not be 
considered here, since it is largely of historical interest, but it is important to 
direct attention to the Cowles alloy process, since this may again find commercial 
application in the production of light aluminum alloys directly from ores. It 
should be pointed out that, although Hall applied for his patents in 1886, these 
were not granted until 1889, and in 1886 H^roult also applied for a United States 
patent on essentially the same process as desi;ribed by Hall. The essential 
differences in the patent applications were in the composition of the electrolyte 
and the design of the furnace, but the two processes are identical to all intents 
and purposes. When the separate discoveries of Hall and H6roult were made 
simultaneously, there was no patent litigation, but the Hall company took the 
American field and the H6roult company the European field. 

The Cowles process'® for the manufacture of aluminum alloys directly from ores 
was patented by A. H. and E. H. Cowles® in 1885, and plants for conducting the proc- 
ess were built at Lockport, N. Y., and Stoke-( 3 ii-Trent, England. In essence, the 
Cowles process called for the reduction of alumina by carbon in the presence of a metal 
(e.g.f copper) in the heat of the electric arc. While alumina can be reduced by carbon, 

1 U. S. Patents 1040802, 1040893; 1040894, 104089.5, and 1040807, all dated Oot. 8. 1014. 

^ U. S. Patents 324058 and 324659, Aiig. 18, 1885; and foreign patents. 
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as pointed out previously, the metal so reduced will cither combine with the carbon, 
forming aluminum carbide; combine with carbon monoxide or dioxide, forming alu- 
minum carbide or oxide; combine with any oxyggn present; or else volatilise. In the 
presence of another metal, however, say copper or iron, the reduced aluminum alloys 
with the other metal, thereby forming an intermediate alloy. In the Cowles process, 
when copger is used, alloys containing 15 to 40 per cent aluminum and the remainder 
copper are produced, and these were diluted with copper in making aluminum bronze. 

In the process, a correctly proportioned mixture of alumina, carbon, and copper is 
placed in an electric-arc furnace and smelted. Copper, or any other metal used for 
alloying, has no effect upon the actual reaction, since what takes place is simple 
reduction of alumina by carbon at elevated temperatures, according to 

AI2O3 + 3C = 2A1 + 3CO 

During the years 1885 to 1890, the alloys made by the Cowles process could he pro- 
duced at a lower price per pound of contained aluminum than substantially pure 
aluminum itself, and as a consequence a considerable measure of success was had. 
The pnjccsH is now obsolete, but it may become an economic possibility in the future 
to produce certain intermediate or light aluminum alloys by direct reduction from 
ores, involving this or a similar method. 

Hall Aluminum Process. — In 1886, C. M. Hall, of Oberlin, Ohio, found^ 
that alumina dissolved in a liquid (fused) solution of aluminum fluoride and 
another metal fluorid(‘, c.//., sodium, formed an electrolyte, and that the alumina 
could be dissociated by th(‘ (‘lectric current, according to 

Al2()3 - 2A1 -h 30 

The electrometallurgical principle involved in the process, then, is the electro- 
lytic decomposition of alumina dissolved in a bath of fused fluorides of aluminum 
and other bases; the current causes dissociation of the alumina into aluminum and 
oxygen without appreciably affecting the solvent. This invention caused a 
revolution in the aluminum industry. It should btf added that C. S. Bradley 
applied for a patent covering the electrolytic dissociation of aluminum compounds 
in 1883, but this patent was nf)t granted'^ until 1892. i^This Bradley patent was the 
cause of litigation first between the Electric Smelting and Aluminum Co. (f.c., the 
Cowles company) and Paul H6roult regarding title to it, and second between 
the Cowles company and the former IMttsburgh Reduction Co. (t.c., the present 
Aluminum Co. of America). Title to the Bradley patent was awarded to the 
Cowles company, and after long litigation it was decided by the courts that the 
Pittsburgh Reduction Co. in using the Hall patents had infringed the Bradley 
patent. 

In development of the Hall process, it wjis found thahcryolitc made a good solvent 
for alumina, and cryolite, as such, or plus calcium and aluminum fluorides, is employed 
for the electrolytic bath in present practice. In the process, the aluminum is liberated 
and sinks to the cathode, while the oxygen goes to the anode, which it attacks, burning 
to carbon mt)noxide and finally to carbon dioxide on contact with the air. The elec- 
trolysis is carried out in a carbon-lined furnace or cell, the carbon lining serving as 
the cathode and separate carbon electrodes as the anodes. In the Hall reduction cell, 
the electric current serves two important functions; viz.: (1) it keeps the electrolytic 
bath liquid by the generation of heat, and (2) it causes electrolytic dissociation of the 

< U. S. Patents 400664, 400665. 400666, 400667, and 400766, Apr. 2, 1880. 

* U. 8. Patent 468148, Feb. 2, 1802. 
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alumina. Theoretically, the decomposition voltage required is 2.8, but in practice 
about three times this is actually used. 

As indicated, P. L. V. H(^»roult, oH Paris, France, brought out a process in 1886 for 
the preparation of aluminum by the electrolysis of alumina dissolved in cryolite, and 
this process is identical in principle with that of Hall. Heroult's first patent^ called 
for the preparation of aluminum and aluminum alloys by the electrolysis of alumina 
dissolved in cryolite, and in making aluminum alloys a negative electrode orthe metal 
to be alloyed was employed. This method was never applied commercially to the 
production of alloys, but it was used for aluminum. In H6roult’s=* second method, a 
process for making aluminum alloys was specified, in which alumina was melted by 
the electric current and electrolyzed by the same current, using a liquid metal, e.g., 
(jopper, beneath the aluminum as the cathode. The resulting product is an inter- 
mediate alloy of aluminum and copper, similar to that obtained by the Cowles proc- 
ess. Alumina, without copper or another metal present, cannot be electrolyzed to 
produce aluminum, since the metal would be volatilized at the temperature prevailing. 
This process was operated for a short time at Ncuhausen, Switzerland, but was 
abandoned in 1891, and the production of aluminum taken up in accordance with 
H6roult’s first patent. 

Many methods have been devised for the production of aluminum both before and 
since the invention of the Hall-H6roull pn)cess, but all aluminum made now is pro- 
duced by this process. The older methods have been discussed at length in the books 
by Richards'’ and Minet'* and need not be considered here, but it is of interest to touch 
briefly upon some processes that have been devised in recent years. However, none 
of these is now commercial. 

A method for the production of aluminum directly from aluminum-bearing 
minerals has been patented by Tone,® in which aluminum ore is smelted to aluminum 
carbide with carbon in an electric furnace, and this is then mixed with silica and 
smelted to an aluminum-silicon alloy or with aluminum oxide and smelted to alumi- 
num. The process is uneconomic, even if it is technically sound. Betts'^ has patented 
a process entailing tlie sinewing of kaolin in a blast furnace to an iron-alum inum- 
silicon alloy. This alloy is then oxidized, sulphurized, or chloridized to aluminum 
oxide, sulphide, or (diloride, and in the sulphide the (;ompound is electrolyzed to 
aluminum and sulpJuir. In <i patent by Kissock,® an aluminum-silicate mineral is 
smelted with carbon to aluminum carbide, and this is converted to aluminum sulphide. 
The latter is ehjc.t roly zed in a suitable bath. Many carbon-smelting proi^esses for the. 
direct reduction of aluininiim have been devised, but, as stated, these are all techni- 
cally unsound. A number of patented pnicesses call for the electrolysis of aluminum 
salts in aqueous solution, but these are unsound. 

The fundamental principle of the Hall-HiSroult process is the electrolytic dissocia- 
tion of alumina dissolved in a bath of aluminum fluoride and the fluoride of one or 
more metals more electropositive than aluminum, e.g., sodium, potassium, or calcium. 
The composition of the electrolytic bath is especially important, and this will be dis- 
cussed briefly. Both natural and artificial (rryolite are used as the base in making up 
baths, and the actual bath composition may vary over a fairly wide range. Cryolite 
melts at 995'^C., and the eutectic mixture 81.5: 18.5 cryolite-alumina melts at 935°C. 
By the addition of various salts, the melting point may be reduced to 700°(". The 
specific gravity of the liquid bath must be less than that of liquid aluminum at the 
operating temperature, since otherwise the dissociated metal would rise, instead of 
sink, and upset the cell. A typical bath contains 66.8 per cent aluminum fluoride 

» French Patent 175711, Apr. 23, 1886. 

® French 170003, Apr 15. 1887; and F. 8. Patent 387876, Aug. 14, 1888; and other patents. 

® U. S Patent 961913, .Tune 21, 1910. 

* IT. R Patent 9386:14, Nov. 2, 1909. 

* U. S, Pttt. 1052727, Feb. 11, 1913. 
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and 33.2 per cent sodium fluoride. In the Hall process, the following composition 
has been employed for the bath; 59 per cent aluminum fluoride, 21 per cent sodium 
fluoride, and 20 per cent calcium fluoride. Thi^ bath dissolves 20 per cent alumina 
at the operating temperature. Cryolite has a specific gravity of 2.92 in the solid 
state and of 2.08 in the liquid state, while aluminum has a specific gravity of 2.70 in 
the solid state and 2.31 in the liquid state (at 900°C.). Hence at the operating tem- 
perature, the metal collects at the bottom of the bath. 

The e.m.f. required for dissociation of the alumina in the process is 2.8 volts, but 
in practice at least three times this is necessary because of the resistance of the bath 
and connections and small losses here and there in the circuit. In general, irrespective 
of the type of furnace, each unit requires 6.5 to 7.5 volts for operation, and, in starting, 
a wider range, 5.5 to 8.5 volts, is necessary. It is not yet economical to build dynamo- 
generators of such low voltage, and consequently thirty to forty furnaces are connected 
in series; thus, the operating voltage for thirty -five furnaces would be 250 volts. The 


Anode 


Carbon electrode 



Fig. 7. — Aluminum reduction cell. 


•current density varies over a rather wide range, e.g.j 1.5 to 3 amp. per square centi- 
meter in (iertaiii French furnaces, and G50 tt) 750 amp. per square foot in some Ameri- 
can cells. The curnuit employed depends upon the size and the number of electrodes 
— 8,000 to 10,000-amp. lines are common, and there arc larger furnaces using 15,000 to 

20.000 amp. Theoretically, there should be 0.33912 g. of aluminum produced per 
ampere-hour, or 0.7476 lb. per 1,000 amp.-hr. The theoretical anode consumption 
is 0.67 lb. per pound of aluminum produced, but in practice this amounts to 0.8 to 

1.0 lb. The ctmsumption of alumina per pound of alfiminum produced is about 
2 lb. in practice — 1.888 lb. theoretically — and about 0.1 lb. of cryolite or bath material 
is consumed. 

As mentioned in a later paragraph (cf. Commercial Aluminum, below), the product 
of the Hall-H<Sroult redu(!tion (ndl is not pure aluminum but contains appreciable 
amounts of impurities. Many attempts have been made to refine impure aluminum 
and to produce pure metal, but this had not been accomplished until recently when the 
Hoopes process was developed. The method is described in patents^ granted to 

* French Patents 575403, .57,5464, 57546.5, 57.5466, and 575467, all dated 1924; British Patents 
223388 and 225494, Dec 20, 1923, and 224488, Nov 5, 1923; and U. S. Patents 1, 534315 to 1534322 
inclusive, April 21, 1925; and other patents. 
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Hoopes and others and owned by the Aluminum Co. of America. Detailed discussion 
of the process cannot be given here, but very briefly a cell is employed in which there 
are three horizontal layers; the low^t layer is a liquid aluminum-copper alloy anode, 
above this is a layer of fused cryolite-barium fluoride solution (the bath electrolyte), 
and floating on top is the cathode of pure liquid aluminum. The cell operates at 
about 6 volts and 20,000 amperes. Cathode metal containing as high as 99.98 per 
cent A1 has been produced in the Hoopes cell in regular operation. The mechanical, 
physical, and chemical properties of pure aluminum arc markedly different from those 
of the ordinary 99 -f per cent commercial metal. 

Aluminum-reduction Furnaces. — ^All furnaces now in use for the electrolytic 
production of aluminum, other than the Hoopes cell, are essentially the same in 
general design, although they vary considerably in constructional detail. The 
usual furnace consists of a rectangular box of mild steel lined with a refractory 
material of low thermal and electrical conductivity, and within this a heavier 
lining of rammed carbon forming the cathode. This carbon lining is made of 
petroleum coke with a suitable oil or tar binder rammed in place ; plates of iron 
may be molded in the bottom to form the cathode connec;tion. In some furnaces, 
the lining is made as a separate unit, which is molded and baked similar to the 
anodes. There is great advantage in this type of lining, since a furnace that 
becomes inoperative can be renewed with a minimum of labor by simply removing 
the old lining and replacing it with a new unit. Figure 7 shows the general 
lines of the modern Hall-H6roult furnace with the anodes. In some furnaces, 
electrodes of carbon are embedded in the bottom of the furnace. 

In all types of furnaces, the bottom is inclined towards the tap hole, and each 
anode is arranged so that it can be operated independently of the others. Alumi- 
num furnaces are built in various sizes, e,g.^ 8 ft. long by 4 to 5 ft. wide by 2 ft. high, 
and generally rectangular shapes arc now m use in place of the former round cells. 

A set of anodes is suspended in the interior of each furnace, and these vary in size 
and length. Anodes are round, square, and rectangular in section, from 3 to 16 in. 
in diameter or width, and the length varies from 8- to 40-in. Anodes, arc 
suspended in the bath in groups of from eight to twelve, and are closely grouped. 
They are clamped to a heavy frame support by suitable connections so that the 
group as a whole, or each individual anode, can be raised or lowered mechanically 
for control of the current and to insure equal distribution. Various types of fur- 
naces have been described by Nissen.^^ 

In the operation of a typical furnace, in starting, the bottom is first covered with 
granulated carbon shoveled in loosely, the anodes are then lowered to make contact 
therewith, and the current thrown on. As the furnace heats, cryolite or a prepared 
bath material is added. This melts, and the anodes are raised with an increase in 
the bath volume, and more cryolite is added until the furnace is full. When the 
bath is carrying the requisite current, alumina is charged in small amounts at a time 
until the furnace is in full operation. Of course, other salt additions are made to the 
bath during the starting operation, e.g., calcium fluoride and aluminum fluoride, 
depending upon the bath employed. Alumina is added until the bath contains 10 to 
20 per cent AhOs in solution. On electrolysis, the aluminum sinks and collects on the 
cathode bottom, from whence it is tapped periodically, and the oxygen liberated at 
the anode interacts therewith. In operation, the alumina content of the bath is 
controlled by voltmeters and incandescent lamps connected across the terminals. 
When the alumina content becomes low, the furnace voltage rises from the normal 
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7 volts to 15 to 20 volts. The lamps are so connected that when the bath reaches a 
certain resistance they light, thus giving notiqe to the operator. 

Every two or three days, according to the Capacity of the furnace, the liquid 
aluminum is run off through a tap hole in the side. This metal is remelted in order to 
remove occluded bath salts and is then cast into pigs, forming the primary aluminum 
of commence. First-grade aluminum contains 99 to 99.5 per cent A1 (by difference). 
The cost of production of aluminum is now 13 to 15 cts. per lb. depending upon 
conditions. 

Manufacture of Carbon Electrodes. — Since the anodes come into direct 
contact with the bath, they must be as free as possible from impurities, particularly 
iron and silica, i.e., the ash content must be extremely low, and the manufac- 
ture of anodes is an important part of modern aluminum production. Petroleum 
coke is the best material for anode manufacture, and in practice the coke is 
first crushed to small nut size and then calcined for three or four hours at a red 
heat in a calcining furnace, e.g., one of the Meisser type. After cooling, the 
calcined coke is ground, usually with waste electrodes, in a ball mill, to pass 
16 to 18 mesh, of which 40 per cent passes 100 mesh. The ground coke is 
next mixed with a binder of pitch, or tar and oil, in steam-jacketed kneading 
machines, and then transferred to electrode molds or presses. The usual 
press is hydraulic in operation, and pressures up to 500 atmospheres are used. 

After the electrode shapes have been formed in a press, they are air dried and 
then baked in a furnace or kiln in order to remove the volatile binder. The tem- 
perature of baking is 1000 to 1400°C., depending upon the size and binder, and the 
heating is done slowly in order to avoid cracking. Several days are required for firing 
the largest sizes of electrodes. The temperature is gradually raised during the opera- 
tion, and the electrodes lose about 10 per cent in weight. The furnaces arc generally 
fired with producer gas, and the electrodes arc placed iji refractory saggers packed 
with retort-carbon powder, ground petroleum coke, or electrode scrap. Many types 
of furnac^es are employed in baking, the common ones being the Mendheim tunnel 
furaace and the Meisser chamber furnace. The apparent density of petroleum- 
coke electrodes is 1.55 to 1.70, the real density is 1.95 to 2.05, and the ash content less 
than 0.3 per cent. Finished electmdes should have an electrical resistivity of about 
O.OOlC ohm. The produetkm of electrodes and the apparatus used have been treated 
in detail by Nissen.^^ The Soderberg continuous electrode has been tried in alumi- 
num furnaces. 

Commercial Aluminum. — The product of the reduction cell, after remelting, 
appears on the market as primary aluminum, and this is graded according to 
the amount of impurities present. The chief impurities are iron, silicon, copper, 
and alumina, while carbides, sulphides, sodium, nitrogen, and titanium are 
normally present in very small amounts. Ordinarily, three grades of prinmry 
aluminum are marketed; viz., (1) special, containing 99.54- per cent aluminum 
(by difference); (2) grade No. 1 (or grade A), containing 994- per cent alumi- 
num; and (3) grade No. 2 (or grade B), containing 98 to 99 per cent aluminum. 
Primary aluminum alloys are prepared by a remelting operation in which an 
alloying metal is added to primary aluminum. In practice, the quality of 
aluminum is ordinarily based on a chemical analysis in which copper,! iron, and 
silicon are determined, and the remainder is said to be aluminum. Some method 
of analysis for the direct determination of aluminum should be employed. In 

dn- (0^5^ 
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99 -f* per cent aluminum, the content of impurities is usually; copper, trace to 
0.20; iron, 0.25 to 0.60; and silicon, 0.15 to 0.40 per cent. Alumina (AI 2 O 3 ) 
is a normal impurity in (jommerciafaluminum. 

Primary aluminum pig appears on the market in different forms which vary among 
producers. Thus, there are large three-notch pigs, which are about 3 ft. long and 
weigh about 33 lb., and small notch bars with six to ten notches, weighing ^3 to 10 lb. 
The form of the standard 3-lb. notch pig made by the British Aluminium Co., Ltd., 
is shown in Fig. 8. Some foreign pig is poured into waffle molds, yielding 3-in. square 
plaques about 1 in. thick, joined by thin webs. Aluminum pig is known variously in 
the trade as aluminum ingot, notch bar, etc. Aluminum rolling ingots, blocks, and 
slabs are furnished by producers for rolling and other working. Specifications for 
aluminum pig have been worked out by the II. S. Army Air Service, the French 
Aeronautical Board, the British Engineering Standards Association, and the A. S. 
T. M., among others. 



Fkj. 8. —Aluminum iriKot. (Brit. Al. Co., Lid.) 


Chemical Properties Aluminum. — The chemical properties of aluminum 
are remarkable and of great importance. The c.heinical propiTties of the metal 
and its interactions with various substances have been ably discussed by Little'® 
and Mellor'’ in their books,* and these may be consulted for detailed information. 
Aluminum is very reactive chemically and under proper conditions combines 
readily with oxygen, the halogens, nitrogen, sulphur, and carbon; it is readily 
attacked by some acids, but not at all, or slightly, by others; and it is readily 
soluble in alkalies. The chemical properties of light aluminum alloys are, in 
general, similar to those of the substantially pure metal. Aluminum is a silvery- 
white metal with a slightly bluish tinge' and it has great coloring power, i.c., 
it readily whitens colored metals in alloys. Aluminum forms one series of salts 
in which it is trivalent, and the salts are derived from the basic oxide, AI 2 O 3 . 
Aluminum salts are non-poisonous, and consequently aluminum cooking utensils 
are preferred to tinned steel utensils. On the basis of the ionic hypotheses, the 
salts of aluminum dissociate in aqueous solution, according to 

A1X3;i±A1+++ + 3X-, 

yielding the colorless cation AJ^'*"''. The ionic mobility of the cation Al+'‘'+ 
is 40.4 at 18°C., according to Heyweiller. Aluminum stands high in the electro- 
motive series. The atomic weight of aluminum^ is now given as 26.97 by the 
International Union of Pure and Applied Chemistry. 

Interactions with Various Substances. — A few of the principal interactions 
of aluminum with various substances are indicated briefly here, and further infor- 
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mation will be found below under Corrosion of Aluminum and Aluminum Alloys, 
particularly on the action of air and water. Aluminum is attacked slowly by 
cold acetic acid, but the rate of attack increafles markedly with increasing tem- 
perature and increasing dilution of the acid. Butyric acid attacks aluminum 
slightly in the cold, but with boiling butyric acid the action is similar to acetic 
acid. AKiminuin is attacked very rapidly by hydrochloric and hydrofluoric 
acids in all concentrations, with the evolution of hydrogen. Lactic acid has 
very slight effect. Cold concentrated or dilute nitric acid attacks aluminum 
slowly, and the metal can be employed for handling such acid. Traces of sul- 
phuric acid in nitric acid increase the rate of attack. Oleic acid has practically 
no effect on aluminum. Aluminum is dissolved appreciably by hot dilute 
sulphuric acid, but the action of the concentrated acid is slow. Alkali hydroxides 
attack aluminum and its light alloys rapidly. 

Ahimirnnri interacts with carbon at high temperature to form aluminum carbide 
(ALCas) and carbon monoxide and dioxide interact with it forming aluminum carbide 
or aluminum oxide and setting free carbon. Aluminum carbide is decomposed by 
water, yielding aluminum hydroxide and methane. (Chlorine, bromine, and iodine 
all attack aluminum rapidly. Nitrogen combines directly with aluminum at moderate 
temperature (400 to 800 °C.), forming aluminum nitride (AIN). This is attacked 
by water, yii'lding aluminum hydroxide and ammonia. Aluminum reacts with ele- 
mental sulpluir at moderately high temperature to form the sesquisulphide (AbSa); 
w'ith phosphorus, to form a number of phosphides; and with arsenic, to form the com- 
pounds AlAs and AI3AS2. Aluminum forms many chemical compounds, notably the 
alums, e.^., Na2804.Al2(S04)j.24H20. 

Oxidation of Aluminum. — The affinity of aluniiiiurn for oxygen is very great, 
and fine aluminum powder, or very thin foil, burns in the air, on ignition, with 
great violence. The thermit reduction of metallic oxides is based upon the high 
affinity of aluminum for oxygen. Thus, when aluminum powder is mixed with 
a finely divided metalliq, oxide and the mixture ignitcKi, the reaction takes place 
wHli violence, yielding aluminum oxide and the Jnetal of the metallic oxide 
reduced, e.gr., 

, l^e^Oa “h 2Al = AI 2 O 3 “b 2Fe 

The molecular heat of formation of Al-jOa is about d 8 (),() 0 () cal., or about 128,700 
cal. per gram-atom. 

Metallic aluminum is normally covered with a thin film of aluminum oxide, and 
when heated in air, at temperatures up to the melting point, small particles of alumi- 
num are gradually oxidizAHl to aluminum oxide. Much experimental attention has 
been given to the oxidation of aluminum, but (considerable uncertainty still exists as 
to the actual final end product of oxidation. Thus, several oxides, other than AbOa, 
arc mentioned in the literature. Pionchon claims that the final end product of oxida- 
tion is AbO.SAUOs, indicating the existence of the suboxide AbO. Kohn-Abrest 
mentions AlO, and AI4O3 and AUO? have been described. All these seem unlikely, 
llhodin, however, submits that substantially pure aluminum burns in air to form 
Ab04, just as iron burns to Fe304. Aluminum quickly oxidizes if the surface is rubbed 
with mercury, an arborescent growth of aluminum oxide rapidly forming all over the 
metal. This phenomenon is known as the activation of aluminum. 

Properties of Aluminum and Aluminum Alloys. — The general physical and 
mechanical properties of substantially pure (commercial) aluminum have been 
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fairly well determined, but much testing work on the properties of the light 
alloys is still needed. The tensile strength of aluminum is low, and the s^b- 
stantially pure metal finds limited and special employment for engineering con- 
struction, being valued chiefly because of its low specific gravity, great ductility, . 
high electrical and thermal conductivity, and resistance to atmospheric corro- 
sion. Where it is desired to take advantage of the low specific gravfty of the 
metal, however, but where considerable strength is required, it is necessary to 
employ aluminum alloys. 

Some excellent aluminum alloys have been developed for, particular purposes, and 
certain of these possess tensile Strength exceeding that of mild steel and the specific 
tenacity of alloy steels. Aluminum is malleable and ductile in the cold and can be 
rolled into sheet, drawn into wire, stamped and spun, and otherwise worked both hot 
and cold. Both the metal and its alloys are hot short at high temperatures, and some 
of the alloys are cold short. In working, certain definite temperature ranges have 
been found most suitable for particular alloys. Aluminum is the only commercial 


Table 6. — ^Physical, Mechanical, and Othek Properties of Aluminum^ 


Property 

Units for expression 

N'aluo 

Specific gravity , 20‘’C 

Grams per cubic centimeter 

2.70± 

Specific gravity, liquid, 800“C 

Grams per cubic centimeter 

2 343 

Solidification shrinkage. 

Per cent 

6.6 

Melting point. . . . . . 

Degrees Centigrade 

658 7 

Boiling point 

Degrees Centigrade 

1800 ± 50 

Thermal expansivity 

Increase in length per cent of length per 
degree Centigrade (0 to 100®C ) 

0.00002353 

Thermal conductivity, at 18°C . . 

Grarn-calories per cubic centimeter per 



1 degree Centigrade per second (c g s 


f 

units) 

0 . 504 

Latent heat of fusion 

Oram -calories per gram 

77 

Latent heat of vaporization 

Gram-calorios per gram 

2100 

Spooifio heat,. 

Gram-caloncs per degree Centigrade (18 


‘ 

to 100®C ) j 

0 212 

Vapor tension 

At melting point in millimeters of mercury 

1.0 X 10-« 

Specific electrical resistance 

Microhms per cubic centimeter at 20®C. 

2 82 

Temperature coefficient of resistivity 

Per degree Centigrade (20 to 100®C ) 

0.0039 • 

Magnetic eusceptibility . . 

H X 10«, at 18®C 

i-0 65 

Hardxtesr (cast) 

Brinell (10 mm , 500 kg , 30 see ) 

25 

Hardness (cast) 

, / Magnifier hammer 

Scleroscope < . 

• ( Universal hammer 

5-0 

4-5 

Tensile strength (cast). 

Pounds per square inch 

12,000 

Yield point (cast) 

Pounds per square inch 

8000 

Elongation (cast) 

Per cent 

20 

Reduction in area (oast) 

Per cent 

3.5 

Modulus of elasticity (cast) 

1 Pounds per square inch 

10,000,000 

Compressive strength (oast) 

Pounds per square inch 

60,000 

Linear contraction 700 to 25®C 

Per cent 

1.08 

Surface tension, 700®C 

1 Dynes per centimeter 

520 

Heat of combuBtioii to AhOa . 

f Calories per gram-atom 

128,700 

\ Calories per gram-molecule 

386,000 

Heat of chlorination to AlCla. . 

Calories per gram-rfioleeule 

108,000 

Heat of sulphuration to ALSa 

Electrolytic solution potential against 

Calories per gram-molecule 

42,000 

calomel electrode. 

^'oltB 

1.04 

Atomic weight 

""t”- 

O » 16 

20.97 


^ Data oollooted from various sources. 
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Dftetal now available in large quantifies that can be used for making^ligbi alloys/ and 
the >* yh specific strengths of these materials make them of very great importanoe to 
the engineer. 

,, • The physical properties of aluminum and aluminum alloys are variable ibver a 
'jB^ide range depending upon the chemical composition, the physic^ Oi^dition, 
5vli^ther cast or worked, and the heat treatment. From the of 

view, the following properties of aluminum and alupainuni alloys W ilppOliknce 
in particular applications: specific gravity; hardD||^$ tensile properties at the ordinalry 
and elevated temperatures; modulus of elf^ti[p^ity|^Oompr^iiMlll^ strength; resli^nce to 
alternating stresses and impact; thermal expansion; growth on heating; thermal 6qn- 
ductivity; electrical conductivity; and others. To the foundrymen, thd following 
properties of aluminum alloys are of importance from the point of view Of easy cast- 
ing: contraction in volume and linear contraction; fluidity and viscosity; surface ten- 
sion; latent heat of fusion; melting points; and some of the other properties mentioned 
above. The general physical properties of aluminum have been well summarized in 
Circ. 76 of the U. S. Bureau of Standards, and valuable data are to be found in the 
book by Grard.^® The reports to th<‘ Alloys Research Committee of the Institution 
of Mechanical Engineers ®® may be consulted for data on the physical proper- 

ties of some aluminum alloys. • 

Table 6 giveg a summary of the principal physical and mechanical properties of 
substantially pure aluminum; the figures may be compared with the corresponding 
properties for magnesium in the chapter on the Metallurgy of Magnesium and Mag- 
nesium Alloys in this work. Tabic* 7 gives the average tensile properties of substan- 


Table 7. — ’'I’enhile PnoHErTiEs of Substantially Pure Aluminum^ 


Form 

Yield point, 
pounds per 
Hcjuare inch 

Tensile strength, 
pounds per 

square inch 

• 

Elon- 
gation on 
a 2-in. 
length, 
per cent 

Reduc- 
tion in 
area, per 
cent 

* 

Sand i!ast 

S,000- 9,000 

• 

11,000-13,000 

15-25 

30-40 

CJiili cast 

9,000-10,000 

12,000-14,000 

20-30 

50-60 

Sheet : 

Fully annealed 

8,000- 9,000 

12, 000-1 5, (MK) 

15-30 

30-40 

Half hard 

10,(MK)-12,000 

18,000-22,000 

10-20 

20-30 

Hard (heavy reduction)... 

12,000-25,000 

22,000*35,000 

2-10 

5-20 

12-gage (ordinary reduc- 
tion) 

17,000 

25,000 

7 

15 

16-gage (ordinary reduc- 
tion) 

20,000 

28,000' 

5 

10 

20-gage (ordinary reduc- 
tion) 

22,000 

30,000 

3 

7 

Bar, hard-drawn 

14,000-25,000 

28,000-35,000 

3-10 

6-20 

Wire: 

Hard-drawn 

14,000-33,000 

22,000-55,000 

1-10 

2-20 

40-mil 

23,000 

31,000 

3 

6 

80-inil 

20,000 

28,000 

5 

10 

120-inil 

16,000 

25,000 

7 

15 

200-mil 

14,000 

22,000 

10 

20, 


^ AK>roxiniate values, from varioua sources. 
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tially pure aluminum in various forms. The tensile properties of aluminum at ele- 
vated temperatures may bo detenuiiied from the formula given by the Aluminum 
Co. of America, ^ 

St - 14,107 - 32. 14^, 

where t = the temperature of testing in d(»grees Centigrade (between 50 and 400°C.), 
and St ^ the tensile strength in pounds per square inch at the temperature U The 
solidification shrinkage of aluminum is high — 6.6 per cent. 

Physical and Mechanical Properties of Aluminum Alloys. — The general 
physical and mechanical properties of the light aluminum alloys vary over a wide 
range, depending upon the composition and the condition. The extreme limits 
of specific gravity of the commercial alloys are about 2.4 and 3.3, and most com- 
mercial alloys have a specific gravity of under 3.0. The contra(jtion in volume 
of most of the alloys is high, but less than that of aluminum, and the silicon-bearing 
alloys have the least contraction. Experiments by the writer^”'^ have shown that 
the linear contractions of forty alloys vary in the range 0.05 to 1.80 per cent. 
The melting points of the alloys range below that of aluminum down to about 
575®C., the 92:8 aluminum-copper alloy melting at 63()°C. While aluminum is 
very soft, it can be hardened greatly by alloying, and the Brincll hardness of the 
commercial alloys ranges from 25 to 125 (10 mm. 500 kg., 30 sec.). 

The tensile strength (if tlie light aluminum alloys varies greatly, when cast in 
sand, depending upon the chemical composition, and, roughly, it lies between about 
14,000 and 38,000 lb. per square inch. Chill-cast alloys are considerably superior as 
to strength and ductility than sand-cast cmes. In castings, the strength is a function 
of the size of section and the pouring temperature, lieing less with increase of section 
size and increase of pouring temperature, (hllett'^^ has shown that the strength of 
alloys poured at high temperaturcis may be 10 to 20 per cent loss than when poured 
at low temperatures. The mechanical properties of most of the light alloys are 
improved by either hot dr cold working, and the best properties of one class of alloys 
(duralumin) are brought out only by working follow(*d by h(\at treatment and aging. 
Duralumin manufactures ^have been made with tensile strength up to 80,000 Ih. per 
square inch. The elongation of sand-cast aluminum alloys varies from nil to around 
12 per cent. Table 8 giv(^.s the tensile and other property's for some sand-cast alumi- 
num alloys poured at low temperature. 

Few data are available as to the compressive strength of aluminum alloys, but thci 
range is roughly 70,000 to 100,000 lb. per square inch. At elevated temperatures, 
the alloys lose strength, and most are weak above 300°C. The addition of small 
amounts of iron, manganese, or nickel to binary aluminum-copper alloys increases 
their strength at high temperatures. All the aluminum alloys arc exceedingly hot 
short, i.e.f weak at temperatures immediately below the solidus. In fatigue (resist- 
ance td alternating stresses) the Ix'havior of the alloys is variable, but the following 
alloys will withstand 10,000,000 reversals with 7,000-lb. maximum fiber stress: efz., 
92 : 8 aluminum copper; 2 to 3 per cent copper, 12 to 15 per cent zinc, and remainder 
aluminum; and 1.5 to 2 per cent copper, 1.5 to 2 per cent manganese, and remainder 
aluminum. Forged duralumin will stand 100,000,0(X) reversals (White-Souther) at 
16,000-lb. maximum fiber stress. The Charpy impact resistance of aluminum alloys 
is 1 to 5 ft.-lb., notched bar, while the Izod value is 2 to 6 ft. -lb. 

The coefficient of thermal expansion of the commercial light aluminum alloys 
varies between 22 X 10“* and 27 X 10“®, c.g., that of the 88 : 12 aluminum-copper 
alloy is 26.4 X 10“®, as compared with 22.31 X 10“* for aluminum. When a light 
aluminum alloy is heated, it first expands, as do most metals and alloys. After 
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Table 8. — Tensile and Other Properties op a Series op Sand-cast Light 

Aluminum Alloys^ 


Nomina] composition, 
elements, per cent 

1 
• .5 

1 § 

.2 g* 

w 

Yield point, pounds 
per square inch 

Tensile strength, 
pounds per square 
inch 

Elongation on a 2-in 
length, per cent 

Reduction in area, per 
cent • 

Specific gravity 

Brinell hardness* 

Melting point, degrees 
Centigrade 

Linear contraction^ 
inches per foot 

A1 

Cu 

• 

Other 

metals 

Mg 

100 




2,000 

8,000 

12,000 

20 

35 

2.70 

2.5 

G.58.7 

0.202 

OG 

4 




10,000 

1G,.500 

5 

7 

2.77 

45 

G50 

0.188 

02 

8 



8.000 

12,000 

19.01H) 

1 5 

2 

2.85 

G5 

G3G 

0.172 

88 

12 



9,000 

1.5,000 

21 .000 

0 5 

1 

2.93 

70 

620 

0.168 

9.5 



.5 


10,000 

22,000 

1.0 

2 

2 . G2 


630 

0.175 

90 



10 


18.000 

24,000 

0 5 

1 

2 . 54 


006 

0 140 

98 


2 Mn 


4.(K)0 

7.000 

17.000 

7 

9 

2 75 

40 

6,54 

0.198 

9.5 


.5 Si 


3,000 

0,000 

18,000 

4 

5 

2.G7 

40 

620 

0.160 

90 


10 Si 


.5,000 

10,000 

20.000 

2 

3 

2 49 

50 

597 

0.150 



13 Si 


.5,000 

12,000 

28.000 

8 

12 

2 G4 

GO 

605 

0 142 

90 


10 Zn 



10,000 

10,000 

8.5 

10 

2 74 

GO 

645 

0 189 

80 


20 Zn 



20,000 

27,000 

1 

2 

:j OG 

70 

622 

0 107 

07 


33 Zn 


15.000 

20,000 

33.000 

Nil 

Nil 

3 33 


600 

0.152 

97 

2 

1 Mn 




20.000 

10 

15 

2 80 


040 

0 198 

82 

3 

1 15 Zn 




28,000 

2 

3 

3 00 

85 

625 

0.171 

89 .5 

7 5 

1 .5 Fe 



12,000 

22,000 

1 5 

1 5 

2 85 

05 

635 

0.108 



1 .5 Zn 


I 









93 

4 

3 Si 



lo.mij 

18,000 

2 G 

2 5 

2 80 

50 



88.2 

10 

1 .5 Fe 

0 3 


11 .CM)0 

22,000 

0 5 

1 

2 90 

90 


0 IGS 

92 . .5 

4 

1 .5 Ni 

2 


12,000 

2.5,0(K) 

2 

1 

-2 80 

70 


0.104 


* Data from various sources 
a lO-rrirn. ball, 500 kg., 30 sec. 
Modified alloy. 


reaching about 250‘’C., however, the increase in size becomes quite rapid and con- 
tinues for some time, even though the temperature remains constant. This is called 
permanent growth, since on cooling down th(‘ increase in sizers not lost. All the light 
aluminum alloys have thermal conductivity less than that of aluminum, and, generally 
spekking, the greater the percentage of additive elements in an aluminum alloy the 
•lower the thermal conductivity. Unlike cast iron, the thermal conductivity of the 
aluminum alloys increases with increasing temperature; that of cast iron decreases 
very slightly. Whereas the thermal conductivity of aluminum = 0.504, that of the 
light alloys varies in the range 0.25 t-o 0.48, c.g.^ the thermal conductivity of the 88 : 12 
aluminum-copper alloy is 0.382 at 1(K)°C. The electrical conductivity of the alumi- 
num alloys is lower than that of aluminum, the resistivity ranging up to 5.70 microhms 
per centimeter cube. The electrical resistivity of duralumin is 3.35 microhn^^ per 
centimeter cube. A most exhaustive study of the electrical properties of numerous 
aluminum alloys is due to Broniewski. 

Many light aluminum alloys possess aging properties, i.e.^ when freshly cast they 
may have their tensile properties enhanced by maturing at the ordinary temperature, 
and in the same way the machining properties may be improved. Thus, in foundry 
practice, it is usual to allow freshly cast parts of difficultly rnachineable alloys to age 
for some time at the ordinary temperature, when it will be found that they cut more 
satisfactorily than if machined soon after being taken out of the sand. In some alloys, 
the increase in tensile strength found on aging for one month after casting will be 25 
to 30 per cent, but the elongation is decreased. Thp Brinell hardness increases on 
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aging at the ordinary temperature. Heat treatment enhances the strength and hard- 
ness of certain alloys most markedly. 

Corrosion of Aluminunwand Aluminum Alloys. — While it is often thought that 
aluminum and its light alloys are very susceptible to corrosion and that they, 
therefore, cannot be used for many purposes, these materials are actually more 
resistant to some corrosion influences, e,g., ordinary atmospheftc air, than are 
most simple steels. The behavior of the metal and its alloys in different corrod- 
ing media is, of course, very variable, and the resistance to corrosion of different 
alloys in the same media may be, and usually is, variable. Thus, the corrosion 
of aluminum or any aluminum alloy may be rapid in an acid-gas atmosphere, but 
slow in sea water or in ordinary atmospheric air; also, an aluminum-zinc alloy 
may deteriorate rapidly in sea water, while an aluminum-manganese alloy will 
corrode slowly. 

The greater resistance of aluminum and its light alloys to ordinary corroding media, 
as contrasted with iron and steel, is explained by the surfa(ie coating of aluminum oxide 
which forms and protects against further corrosion. The corrosion of aluminum is 
affected by its purity, and for applications whore specific resistance against corroding 
media is desired, the purer varieties will withstand attack better than less pure metal. 
Thus, the 99. 9 -|- per cent metsl made in the Hoopes cell is practically not corroded at 
all in dilute hydrochloric^ acid, while the ordinary 994- per cent metal is rapidly 
attacked. Some of the light aluminum alloys, and also aluminum, when worked, are 
subject to corrosion cracking (season cracking) — a phenomenon familiar to brass 
metallurgists — i.c., the materials exfoliate and crack in certain solutions, owing to 
internal stresses. Hard-worked aluminum corrodes more rapidly than annealed metal 
in general, and cast aluminum corrodes more rapidly than the hard worked, because of 
minute pores in the former that give rise to lo(;al action. The corrosion of aluminum 
and its light alloys in various media has been described in many published papers, and 
only the more general aspects of the subject can be discussed here. 

When aluminum and its light alloys are exposed to air, they become coated with a 
thin film consisting largely of aluminum oxide (AbOa) or aluminum hydroxide in 
moist air. This film, if pot broken down mechanically, servers as a protective poating, 
and apparently it should prevent further corrosion almost indefinitely. TJiis film, 
however, may be broken readily by abrasion and other mechanical influences in serv- 
ice, and it is also penetrable by gases and liquids, so that it therefore does not serve 
as an effective pn)tection unless it is fairly thick. Aluminum is attacked slowly by 
fairly pure atmospheric, air and more rapidly by impure air. In ordinary damp air, 
the oxidation may be regarded rather more as an hydration of the rnetal taking place 
simultaneously with oxidation, since in the presence of'inoisture, the reaction 
A1 4- 3 H 2 O = Al(OH), + 3H 

takes place and a colloidal film of aluminum hydroxide is formed. In the presence 
of carbon dioxide?, the oxidation of the metal takes on a pitting effect, owing to the 
attack of carbon dioxide on the film of aluminum oxide and aluminum hydroxide, 
thus revealing a fresh surface of the metal to further action. 

Aluminum is not attacked by distilled water, but is attacked by tap water, impure 
waters, and sea water, the corrosion depending upon the constitution of the waters. 
Oxygen is regarded as the prime cause of corn^sion of aluminum by water. It has 
been indicated that alkalis attack the metal and its alloys rapidly, and alkaline waters 
are very corrosive. Alcoholic solutions and liquors have little action, and aluminum is 
used in the spiritous liquor and brewing industries for containers. So-called cutting 
solutions and compounds used for machining aluminum and its alloys have no effect 
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unleflB they contain soda ash or related sodium compounds. Ether has no corrosive 
action. Gasoline and oils have no action. Iron salts and compounds of iron cause a 
blackening of the metal. Lactic acid and milk have no action, and aluminum con- 
tainers are used m dairying. Aluminum is attacked by %ome paints. 

Protection from Corrosion. — Protective coatings may be applied to aluminum 
and its alloys for preventing corrosion, and enamels, paints, and varnishes are 
used. Spar varnish has been employed successfully for protecting aluminum and 
aluminum-alloy parts from sea-water corrosion on sea planes. Many patents 
have been secured for methods of coating aluminum, and the “ browning process 
of von Grotthuss may be mentioned. In this, the part is suspended in an elec- 
trolyte consisting of a sulphur compound of molybdenum with a zinc anode, at 
60 to 65°C. The metal or alloy is soon covered with a dark-brown coating, and, 
according to the claims, can be bent or rolled without cracking the coating. 
Protected in this way, it is stated that aluminum has been immersed in salt solu- 
tions for two months without showing any traces of corrosion. Seligman and 
Williams, Rohrig, and others have found that the corrosion of aluminum in 
alkaline solutions is inhibited by the presence of sodium silicate in the solutions. 
A process (known as the Z-D i)rocess) has been worked out by Zimmerman and 
Daniels, at the McCook field plant of the U. S. Air Service, for treating aluminum 
and aluminum-alloy parts. This process is patented^ and has been discussed 
by Zimmerman briefly, it involves treating parts to be protected with a solu- 
tion of sodium silicate followed by baking. This treatment has proved efficacious 
in many cases and has wide application. 

Cracking and Disintegrating. — There have been reports, at times, of certain 
strange cases of the cracking of aluminum alloys on standing, particularly in sandr 
cast aluminum-zinc alloys. Thus, it has been alleged that certain sand-cast 
parts of 88:12 aluminum-zinc alloy have cracked and finally completely disinte- 
grated on standing in the storeroom. , 

Such allegations seem queer, and they do not seem to be supported by facts. 
Cr%cki^g in sand castings might be associated with shrinkage cracks and internal 
casting strains, but the light aluminum alloys are entirely permanent. Actual spon- 
taneous disintegmtion of certain intermediate aluminum alloys does take place, how- 
ever, and this has been observed many times in such alloys rich in iron, manganese, 
nickel, tin, cobalt, etc., but only in case relatively large proportions of both aluminum 
and the other metal are present in the alloy, e.gr., 50:. 50 aluminum-nickel. This 
behavior is, apparently, a property of certain definite compounds of aluminum with 
other metals, and these interm etallic comi>ounds exhibit this behavior only when 
they constitute the whole, or nearly the whole, of the alloy. 

Commercial Aluminum Alloys. — ^The subject of aluminum alloys opens up a 
wide field, and here it is possible to discuss only briefly those that find commercial 
application. Practice in the use of aluminum alloys is rapidly changing. Up to 
10 years ago, only a few fairly definite alloys had had any large commercial 
employment, and these included certain binary aluminum-copiJcr and aluminum- 
zinc alloys, certain ternary aluminum-copper-zinc alloys, and duralumin and its 
related alloys. The commercial casting alloys of aluminum have been recently 
discussed by the writer^*- Practice in the use of aluminum-casting alloys 
has changed radically from time to time. Thus, the aluminum-zinc alloys were 

1 U. S. Patent 1540766, June 9, 1025. 
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formerly used considerably in the United States for general castings, but these 
were later almost wholly supplanted by the aluminum-copper alloys. Both 
aluminum-zinc and aluminum-copper-zinc alloys are employed considerably in 
England. Recently, alumfhum-silicon and aluminum-copper-silicon alloys have 
been developed for general casting, and the latter are to be the most promising 
alloys introduced for founding. Several special compositions havf been develojxid 
for use in heat-treated sand castings, and with the further development of heat 
treatment it is expected that still more special and new alloys will be employed. 
In passing, attention should be drawn to the resourceful work of Daniels at the 
McCook field plant of the U. S. Air Service in developing heat-treatable casting 
alloys for aircraft parts. The so-called heavy alloys of aluminum, i.e.^ aluminum 
bronzes and aluminum brasses, are relatively unimportant industrially due largely 
to difficulties experienced in casting. 

In addition to the alloys already mentioned, some aluminum-magnesium, aluminum- 
manganese, aluminum-copper-iron, alumiuum-e,o])per-nuignesium, aluminum -copper- 
manganese, aluminum -copper-nickel, and alurninum-copper-tin alloys arc employed 
commercially. Some complex alloys ani used in subordinate amount. 

Aluminum Casting Alloys. — The bulk of the output of sand castings in the 
United States was formerly made in tlui standard 02: S aluminum-copper (so-called 



No. 12) alloy. Thus, in 1910, of 81,000,000 lb. of sand castings produced here, 
78,000,000 lb., or 07 per cent, was poured in 02:8 aluminum-copper alloy. Since 
then conditions have changtid markedly, and in 1024 about 50 per cent of the 
sand castings made were produced in No. 12 alloy, 40 per centin90:7: l:2alumi- 
iium-copper-iron-zinc alloy, and the remainder in other alloys. The use of both 
these alloys is decreasing, while that of the newer alloys is rapidly increasing. 
The principal report of investigations on the aluminum-copper alloys is that by 
Carpenter and Edwards, and these alloys have also been discussed by the writer. 
At the aluminum end, alloys containing 4 to 14 per cent copper are used for 
castings, but the alloy containing 7 to 8.5 per cent copper and the remainder alumi- 
num is generally used. This is known in the trade as No. 12 alloy. In automo- 
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tive work, alloys containing 9 to 10.5 per cent copper and 11 to 13.5 per cent 
copper (and the remainder aluminum) have been developed for particular pur- 
poses, the former being used for pistons and the latter for manifolds. Commer- 
cial No. 12 alloy is not a simple binary alloy, but, in addition to copper, contains 
0.5 to 1.5 per cent iron and 0.4 to 0.6 per cent silicon, and often manganese, 
nickel, zinc, tin, and other metals in subordinate amount. Figure 9 shows the 
microstructure of sand-cast No. 12 alloy. The 95:5 aluminum-copper alloy is 
used for general castings where more ductility is required than can be secured in 
the 92: 8 aluminum-copper alloy. The light aluminum-copper alloys can be rolled 
up to 14 per cent copper. Certain intermediate alloys, i.e., 33:67 and 50:50 
copper-aluminum, are employed for making fixed additions of copper to aluminum 
and are known as “hardeners.” 

No binary aluminum -iron alloys are employed commercially, but some aluminum- 
magnesium alloys containing 4 to 10 per cent magnesium are used for sand castings. 
Some complex magnesium-bearing aluminum alloys are known as magnaliums, and 
these are employed slightly for castings. These may contain 2 to 6 per cent mag- 
nesium, 1 to 3 per cent copper, and nickel and manganese in small amounts, but the 
compositions used are very variable. Some liglit aluminum-nickel alloys, e.g,, 94:6 



Fig. 10.-93:4:3 AbCu.Si alloy. (Xr>0(), Dix.) 


aluminum-nickel, were formerly ua(id for sand castings. In 1920, aluminum-silicon 
alloys containing 5 to 15 per cent silicon wt*rc introduced by A, Paez for general cast- 
ings, and the 95:5 aluminum -silicon alloy is now employed extensively by the General 
Electric Co. for castings to be used in electrical manufacturing. It is import, ant to 
state that the method used for preparing aluminum-silicon alloys 'has great effect 
upon their properties. When made simply by minting aluminum and silicon together, 
so-called '‘normal” alloys result. When the normal alloys are tvcatcHl in the liquid 
state with an alkali fluoride flux, or if sodium or potassium be added, so-called “modi- 
fied” alloys result. In the normal alloys, the silicon occurs as relatively large plates 
and needles, while in the modified ones the silicon is in a state of high dispersion. 
The aluminum-silicon alloys are known in Germany as “Silumin” and in France as 
“ Aladar.” The simple binary alloys arc difficult to machine, and aluminum -copper- 
silicon alloys have been developed to overcome this objection, but still retain the good 
casting qualities of the binary alloys. The tensile strength of the normal alloys varies 
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from about 18,000 lb. for the 95; 5 aluminumnsilicon alloy to 21,000 lb, per aquare inch 
for the 87:13 aluminum-silicon alloy, and the corresponding elongation is 5 to 1 
per cent. The modified 87 : 13 alumiuuin-silicon alloy has a tensile strength of up to 
30,000 lb. and an elongationfof 8 per cent- 

Certain aluminum-tin alloys have been employed, and they yield white, strong, and 
ductile castings which polish and machine nicely, but tin is too expensive to use. In 
aluminum-zinc alloys, compositions in the range 5 to 35 per cAit zinc and the 
remainder aluminum are employed, and zinc is the cheapest useful metal for alloying 
with aluminum. Such compositions as 95: 5, 90: 10, 85: 15, 75:25, and 67: 33 alumi- 
num-zinc are common casting alloys. While suitable for sand castings, the alloys are 
useless for die casting. The principal report of investigations on these alloys is that 
by llosenhain and Archbutt. Most of the alloys can be readily worked, and all of 
t hem are excjtissively hot short and weak at elevated temperatures. 

Turning to ternary and more complex alloys, certain aluminum-copper-iron alloys, 
e,g.^ 90.5:8: 1.5 aluminum-copper-iron, have been used for general castings, and it is 
known that the addition of small amounts of iron to the binary aluminum-copper 
alloys improves their mechanical properties. Light alumiiium-copper-magnesium 
alloys are employed considerably in founding, and aluminum-coppcr-manganese alloys, 
e.g.^ 97:2:1 and 95:3:2 alurninum-cioppcr-manganese, have been used somewhat by 
particular manufacturers. These alloys arc fairly strong and quite ductile, but their 
shrinkage is high. Light ternary aluminum-copper-uickel alloys were formerly used 
in the United States for sand casting, but this practice has been discontinued. How- 
ever, certain of the alloys, e.g.^ 90:8:^^uminum-copper-nickel, are employed for die- 
casting and permanent-mold work, ft is a fact that tlie substitution of 1 to 2 per 
cent nickel for copper in most aluminum-copper alloys gives better properties than can 
be obtained with copper alone. It has been pointed out that aluminum -copper-silicon 
alloys have be(m developed for sand casting, and alloys of the nominal compositions 
87:3:10, 90:8:2, 91:6:3, 90:5:5, and 95:2.5:2.5 aluminum-copper-silicon are now 
used in practice. Apparently, the best alloys lie in the range of composition 3 to 5 
per cent ea(di of copper and silicon and the remainder aluminum. These alloys have 
good strength and ducitility and excellent casting properties. Figure 10 shows the 
microstructure of the 93:4:3 aluminuiriHiopper-silicon alloy. The 94 : 5 : 1 aluminum- 
copper-silicon alloy is used in the heat-treated condition for highly stressed parts 
subject to (rfiock. Certfiin ahiminum-copper-tin alloys are employed in a reljtricted 
way in founding. The presence of tin in aluminum-copper alloys seems to impart to 
the alloys capacity for taking a better polish. Two typi(;al alloys used for sand 
castings are 90:8:2 and 85:5:10 al uminum-copper-tin. I 

Light alloys of aluminum, copper, and zinc are being employed to an increasing 
extent in the United States, and they are favored in England for many kinds of cast- 
ings. The number of compositions used commercially is large, but several may be 
regarded now as reasonably standard. The alloys lie in the range of composition up 
to 10 per cent copper, up to 35 per cent zinc, and the remainder aluminum, and the 
most generally used alloy has the nominal composition 82:3:15 aluminum-copper- 
zinc, known in the trade tis No. 31 alloy. The 83.75: 2.75: 13.5 aluminum-copper-zinc 
alloy is employed in England as a general casting alloy much in the same way that 
92:8 aluminum -copper alloy is used in the United States. Other alloys employed 
in practice include 90:8:2, 90:5:5, 80:7:13, 72:3: 25, and 65:3: 32 aluminum-copper- 
zinc. In general, the alloys fall into two classes; vtz., (1) the high-zinc type, and (2) 
the low-zinc type. In both, the copper may be variable over a fairly wide range, but it 
is usually higher in the low-zinc alloys than in those high in zinc. Roughly, the high- 
zinc type includes alloys containing 20 to 25 per cent zinc and 3 to 5 per cent copper; 
the low-zinc type includes those up to 15 per cent zinc and 3 to 8 per cent copper. 
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A number of complex alloys are used for castings including 88.5:10:1.25:0.25 
aluminum-copper-iron-magnesium (for parts subjected to elevated temperatures, e.g.^ 
pistons), 95.5:2.5:1.5:0.5 aluminum-copper-iron-magnesium (forparts requiring good 
strength and ductility as cast), 89.5:2.5:1:7 aluminum^copper-iron-zmc (for general 
castings), and 92.5:4:1.5:2 aluminum-copper-magnesium-nickel (the so-called 
alloy of the National Physical Laboratory, used for parts requiring high strength as 
cast, for parts fo be heat treated, and for high-temperature applications, notably 
pistons). Many alloys other than those indicated above have been tried and used in 
a small way, while numerous proprietary compositions have been exploited. 

Allo3rs for Working. — Certain light aluminum alloys are suitable for rolling and 
forging, but at the present time the bulk of the production in wrought aluminum 
alloys is in duralumin and its related alloys. Duralumin, sometimes called 
duraluminum, in the commercial meaning of the term usually connotes the alumi- 
num-copper-magnesiurn-manganese alloy composition develoj)ed by Wilm. 
More recently, it has been used as a generic word to connote low-copper heat- 
treatable alloys in general. The duralumin-type alloys arc susceptible to heat 



Fio» 11. — Dunilumiii nhect; water quenched from 512°C and air aged; etched HNO3 
; quench; X 200. 

treatment, some in greater degree than others, in that they harden on quenching 
followed by aging. There are known to be many alloys of different compositions 
that exhibit the duralumin phenomenon, and for convenience these may be 
divided into three classes, viz.^ (1 ) ordinary or simple duralumin, (2) zinc duralumin, 
and (3) special duralumin. The ordinary duralumin is used largely at the present 
time, and the composition may be taken as 


Per Cevt 

Copper 3 5-4.5 

Magnesium 0.5- 1.0 

Manganese 0. 5-1.0 

Aluminum (by difference) remainder. 


The usual impurities in aluminum, f.e., iron and silicon, are also present, and it has 
lately been shown that the occurrence of silicon as an impurity in aluminum has 
been fortunate in the development of duralumin, since the effect of the intern 
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metallic compound MgaSi upon the hardening of duralumin is most marked, as 
will be explained under the captions Metallography and Heat Treatment in 
later paragraphs. 

The remarkable feature of duralumin and its related alloys is that they can be 
hardened very materially by quenching from 480 to 500°C., followed by aging at the 
ordinary temperature, and the aging may be accelerated by drawing at fairly low 
temperatures, c.fir., 100°C. for a short time. Worked duralumin, forgings and sheets, 
is now employed commercially for aircraft and motor-car construction in particular. 
The most remarkable recent development is the use of forged duralumin connecting 
rods on the Franklin and Hupmobile motor cars. Figure 11 shows the microstructure 
of a duralumin. The strength of duralumin is varii^ble over a considerable range, the 
worked and heat-treated alloys ranging fron 42,000 to 80,000 lb. per square inch ten- 
sile strength. Table 9 gives the mechanical properties of duralumin sheet in various 
forms. The tensile properties of forgings, bars, and wire are variable, depending upon 
the condition of the materials, as shown in Table 10. The properties and heat treat- 


Table 9. — Mkciianical Propkrties of Duralumin Sheet in Different Forms^ 


Property 

("ondition 

Heat treated 

i 

Annealed 

Hard rolled 

Tensile strength, pounds ptT scpiare inch 
Yield ])()iiit, pounds per square inch 
Elongation on a 2-in. huigt h, per cent 
Brinell hardness 

Scleroscopt* hardness 

55,000 02,000 
30,000-36,000 
18-25 

93 100 
23-27 

25,000 35,000 

10-14 

54-00 

9-12 

07.000- 72,000 

55.000- 65,000 
3-8 

130-140 

37-42 

1 Uased on Kncrr. 

€ 

Table 10. — Tensile Proi'Erties of Heat-treated 

OF Different Kinds 

Duralumin Manufactures 

Mat(*nal 

Yield point, 
pounds per 
scpiare inch 

Tensile 
strength, 
pounds ])er 
sipiare inch 

Elongation on 
a 2-in. length, 
per cent 

Bar slock: 

to 1-in. diameter 

1- to lj 2 -in. diameter 

Over lyi-in. diameter . . 

Forgings : 

Not over in. thick . 

Over in. thick 

Wire.. . 

30,000 

30,000-35,000 

55.000 

50.000 

45.000 

55.000 

50.000 

60,000-05,000 

1 

18 

18 

18 

18 

18 

22-26 
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ment of duralumin have been discussed by a number of workers, including Thurston,®* 
Merica and his collaborators,®* Rosenhain and his co-workers,** Kiierr,®* and many 
Qthers. The ordinary duralumins arc not normally casting alloys, and, although they 
may be used to advantage for some eastings, they have been emplo,ycd principally in 
the form of rolled sheets, forgings, drawn and extruded rods, win\ and extruded tubes. 

Zinc duralumin is a term used to connote a class of heat- treatable alloys of the 
composition, fof example: 

Pku Cent 

Chopper 2 5 

Magnesium 0.5 

Maugjuu'se 0 5 

ZiiK^ 20 0 

Aluminum (by difTerenec') ... remainder. 

Zinc duralumins miiy be hardened by quenching followed by aging, as in simpl(‘ 
duralumins. These alloys have* been dise.ussed by Rosenliain and his collaborators.*® 
The tensile properties of the alloys after working and h(*at treatment arc most remark- 
able. Rolled sheet, after (luenclimg from 400°(I and rerolling before hardening has 
set in, has the following j)roperties; yield point, 64,000 lbs.; tensile strength, 75,000 lbs. 
per square inch; and elongation, 10 per cent. Of special duralumins, the 02.5: 4: 1.5: 2 
aluminum-eopper-magnesium-nickel alloy has b<*en eonsidi'rably exploited, and the 
aluminum-magnesium silicide alloy (about 1 per cent magnesium plus sufficient silicon 
to form Mg 2 Si) developed as the result of investigations by Hanson and Oayler has 
liad some use. This alloy is heat treatable, and is us(*d for she(*t, bars, rods, tubing, 
and special shapes. It is softer and l(‘ss strong than ordinary duralumin, having 
strength of about 48,000 lbs. per scjuan* inch as roll(*d and h(*at treated as against 
62,000 lbs. for duralumin. The 96:4 aluminum-copper alloy (with or without the 
addition of 0.5 per (;ent manganese) has found some use for sheet and shapes. 

Referring to other aluminum alloys for working, certain aluminum-(‘opper alloys, 
e.g.y 2 to 4 per cent copper, arc forged commercially, and the 98.5:1.5 aluminum- 
manganese alloy is employed considerably for rolling into sheet. This is known as 
'‘hard sheet aluminum.” Sclnrmeister** has de.scrib(*d ext.en.sive experiments on thn 
rolling of various aluminum alloys. The 85:15 aluminum-zinc alloy is drawn for 
machining rod, and (pertain aluminum-eopper-ziiic alloys, •(.{/., 77: 3: 20 aluminura- 
coppcr-zinc- i.s well adapted for rolling for the production of rods and shapes. The 
use* of wrought aluminum alloys is just now being developed, but evidently forgings 
and sheet will idtimately be use.d extensively. 

Uses of Aluminum and Aluminum Alloys.- -A detailed recounting of all the uses 
and application.s of aluminum and its alloys would require a volume of itself, and 
only the principal applications need be inentiorKjd here. In a general way, 
aluminum has found useful application wherever low specific gravity, malleability, 
ductility, high thermal conductivity, high electrical conductivity, and resistance 
to corrosion arc desiderata. Aluminum has been generally substituted 
for copper and the light alloys for brass and bronze in engineering work, and the 
metal and its alloys may be thus substituted wheniver price is not prohibitive. 
About 50 per cent of the world’s production of aluminum is used in the form of 
light alloys, principally castings, while 50 per cent is employed as substantially 
pure metal in the form of sheet, wire, bars, rods, tubes, and other finished and 
semifinished manufactures, and as foil, powder, and granulated aluminum. 
In the United States, about 40 per cent of the domestic output is consumed in 
the automotive industry, and for many years the status of aluminum production 
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in this country has been reflected fairly faithfully by the output of motor cars. 
Figure 12, showing the relation between the aluminum and automobile outputs 
in the United States over a period of years, may be noted in this connection. 

The principal uses of aluminum may be summarized as follows; (1) as substan- 
tially pure metal in wrought and fabricated form, i.e., as sheets, rods, wire, tubes, 
bars, molding, and special shapes; (2) in the form of light aluminun^ alloys for sand 
casting, die casting, permanent-mold casting, rolling, forging, extruding, and other 
working; (3) as aluminum powder in the aluminothcrmic process for the reduction of 
refractory oxides and the preparation of ferroalloys; (4) as aluminum powder in the 
aluminothcrmic (or thermit) welding process for repairing iron and steel parts; (5) 
as a deoxidizer in steel metallurgy; (6) as aluminum powder in calorizing, principally 
steel products; (7) as aluminum powder in the manufacture of explosives, e.g.^ 
ammonal. 
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Fia. 12. — Relation Inst ween automobile production and aluminum consumption. 


Some 200 commercial and technical uses of aluminum were listed by Richards in 
1915, and an excellent account of the subject is given in papers by Guillet®* aL, 
written in connection with the French aluminum exposition in Paris m 1921. 

The principal use of wrought or fabricated aluminum is in the form of sheet and 
wire. Aluminum sheet is employed extensively for paneling and body work for motor 
cars and aircraft; for the manufacture of spun and drawn kitchen cooking utensils; 
for vats, tanks, autoclaves, and special apparatus in the chemical industry; and a 
fairly large amount is used in the small stamping trade. Since aluminum sheet is very 
malleable and ductile in the cold, it can be spun, stamped, pressed, and drawn into any 
required shape, and its applications are almost limitless. Aluminum sheet is furnished 
in various gages from Nos. 10 to 40 Brown & Sharpe, and in various sizes up to 6 ft. 
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wide by 12 ft. long. Aluminum sheet, in addition to being used for automobile 
bodies, is employed for hoods, fenders, and small fittings, and gasoline tanks. It is 
also used extensively in aircraft, where it is practically indispensable for the fabrica- 
tion of complicated cowlings, strut fairings, and other parts. 

Substantially pure aluminum sheet is fabricated to make cooking utensils, and this 
has grown to be a large industry. A fairly large amount of aluminum is now employed 
for the production of vessels for the dairy industry and for vats, tanks, condensers, and 
other apparatus in the diversified chemical industry. In steel metallurgy, aluminum 
is used at most works as a deoxidizer in ingot production, and the addition of a small 
amount (1 to 8 oz. per ton) stops gas evolution and permits the production of sound 
ingots free from blowholes. Aluminum foil is simply very thin aluminum sheet, and 
is used extensively for wrapping tobacco, candy, and the like. Embossed, colored, 
and printed foil is produced. Aluminum bars, rods, tubes, molding, and special shapes 
are produced by drawing or extniding, and aluminum rivets are made in a variety of 
forms. Bars are employed for electrical conductors, while tubing is used for con- 
densers, pipe lines, and other purposes. Much aluminum molding is being employed 
in the construction of closed-body-type motor cars. Collapsible aluminum tubes are 
being used in large quantities as containers for non-alkaline toilet articles. 

. Aluminum wire and cable is a serious competitor for copper in the electrical indus- 
try, and aluminum is now used extensively for high-voltage power-transmission lines. 
Some interesting brochures on the electrical applications of the metal have been issued 
by the British Aluminium Co., Ltd., and the subject has been discussed in a French 
report.®^ While aluminum transmission lines have not generally replaced copper, 
it has been proved that aluminum or aluminum-steel cables are as reliable and efficient 
as copper cables, and when the price ratio between copper and aluminum is right 
there is economy in the latter. The principal properties of aluminum and copper 
from the point of view of their electrical applications are given in Table 11. 

The principal uses of aluminum powder and dust are in the aluminothermic (or 
thermit) process, for the reduction of refractory oxides and the preparation of metals 
and alloys; in the thermit welding process, for repairing iron and steel castings and for 
joining rails and other structures; in the calorrzing process, rfor coating metal parts 
with aluminum; in the manufacture of some explosives; and as aluminum paint. 
The use of calorizcd steel pipe in oil-still work has gained ground recently, and 
the consumption of aluminum powder in calorizing is fncreasing considerably. 
Aluminum dust was formerly employed to a slight extent in cyanide practice in place 
of zinc dust for the precipitation of gold and silver, but this use has disappeared. 
Aluminum paint has come into wide use in recent years as a non-corrosive, heat- 
resisting paint, and is being employed on oil tanks, gas holders, balloon- and dirigible- 
gas bags, and as a. general protective paint for both outside and inside (factory) 
purposes. 

The present largest use for light aluminum alloys is for the production of sand 
castings for autcunotive work, while die-c-ast and permanent-mold-(iast parts are 
being used in considerable quantities. Rolled alloys arc employed in a minor way, and 
forgings are jusf now being developed. The light aluminum alloys "^have applications 
in all branches of engineering, including railway work, internal-combustion engines, 
motor-car manufacture, steam engineering, and marine work, but the automotive 
industry consumes by far the greatest amount. Other important uses are for air- 
craft construction, for the manufacture of cast cooking utensils, for vacuum cleaners, 
for the radio industry, for the electrical industry, for patterns and flasks in founding, 
for machinery parts, for ornamental wares and for scientific and testing instruments. 

The following parts of automobile engines are now regularly produced in light 
aluminum alloys; crank cases and oil pans, intake and exhaust manifolds, pistons, 
connecting rods, cylinder-head covers, cylinder water outlet and inlet elbow and tete. 
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Table 11. — Comparative, Mechanical, Electrical, and Other Properties of 

Aluminum and CorPER' 


Property 

Aluminum 

Copper 

Specific gravity . . . 

• 

2 70 ± 

8 89± 

Melting point, degrees Centigrade 

658 7 

1083 

Specific heat (water = ]) at 20°C., calorie j 

0 214 

0.095 

Specific thermal conductivity, calorie per degree Centi- 



grade, per squari* ccaitimcter j)or centimeter 

0 504 

0.895 

Approximate relative heat conductivity (silver = 100 



per cent) 

50 

90 

Coiifficicnt of linear expansion, per degree* Centigrade 

0 000021 

0 000017 

Tensile strength, hard-drawn wire (No. 10 S.w.g.) 



pounds per square inch .... 

26,000 

50,000 

T’cnsile strength, ann(*aled wire (No. 10 S.w.g.), pouiuls 



jier square inch . 

11,000 

29,000 

Modulus of elasticity, pounds per sipiare inch . 

10 X io« 

17 5 X 10« 

Specific resistance* in microhms per cubic centimeter at 
20°(:. : 



Annealed 

2 8159 

1 7241 

Ilard-dniwn 

2 8735 

1.7585 

Specifi(! resistance in inicroJims per cubic inch at 20°('.. 



Annealed 

1 1086 

0 6788 

Hard-drawn .... 

1 1313 

0 6924 

Ohms per mil-loot at 20°(^: 



Annealed 

16 939 

10 371 

Hard -drawn 

17 285 

10 578 

Resistance of solid condjictor, 1,000 yd. long by 1 s(p in. 
cross-section, ohms: 



Annealed 

0 0399 

0 0244 

Hard -drawn 0 

0 0407 

0 0149' 

Coefficient of increase of resistance with t<*mperatur(', 
degree (Centigrade. 

0 00390 

0 00393 

Weight per 1,000 yd. by l-s(p in. cross-section, pounds 

3,510 

11,520 

For hard-drawn conductors of eciual resistance: 



Ratio of diameters 

1 28 

1 0 

Ratio of sectional areas 

1 64 

1 0 

Ratio of weight . 

0 5 

1 0 

For hard-drav^m conductors of eiiual tt'inperature rise: 



Ratio of diameters 

1 IS 

1 0 

Ratio of sectional areas 

1 39 

1 0 

Ratio of weight 

0 424 

1 0 


’ AccortliriK to the British AUiniinium Co , Ltd 


cylinder blocks, t-iminR-RCJir cover, cnink-slmft-boaring cups, water pump, and fan 
and water-puini) brackets. Jehle**® has described an all-aluminum motor car. In 
passing, it, is of interest to call attention to the use of aluminum alloys in the Liberty 
aviation engine. In tin? twelve-cylinder model, 225 lb. of aluminum alloys were 
used, or 27 per cent of the weight of the complete motor. If the aluminum-alloy 
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parts had been made of cast iron, about 325 lb. would have been added to the motor, 
making the complete engine weigh about 1,160 lb. The use of aluminum alloys in 
aircraft engines makes possible weight figures of below 2 lb. per horsepower. The use 
of aluminum is not confined to the engine in motor-car construction, however. Many 
other parts are now made in these alloys, so that the car will be as light as possible. 
In the higher grades of motor cars, aluminum alloys arc extensively employed; viz., for 
cast bodies, transmission cases, differential and worm-gear housings, gear covers, 
radiator headers and shells, fenders, wheel-hub caps, housings for starting, lighting, 
and ignition outfits, footboards, steering-wheel spiders, and many miscellaneous small 
parts. 

During the World War period, the development of aircraft was, of course, respon- 
sible for a marked increase in the application and uses of light aluminum alloys, and 
these were employed extensively both in airplanes and tlirigibles. The development 
of the dirigible, and more especially ships of the German Zeppelin, British R-34, and 



Fio. 13.— Hull structure, British dirigible R-80. 


American ZR-1 types, called for a light, strong framework of enormous size, and 
duralumin and related alloys were found suitable for such frameworks. An idea of 
the size and complexity of such frameworks may be gained from Fig. 13, showing the 
hull of the British dirigible R-80, built of duralumin by Vickers, LtA. Rapid strides 
have been made in the construction of all-metal airplanes, i.a., hcavier-than-air 
machines, and these are built principally of duralumin. The indispensability of 
aluminum and aluminum alloys in aircraft construction has b(‘(*n demonstrated 
beyond any doubt, and in 1918 the Allied governments put 90,000 metric tons of the 
metal and its alloys into aircraft. 

As indicated, light aluminum alloys are used for a great variety of purposes out- 
side the automotive and aircraft fields, and a most recent and interesting development 
is their widespread use for castings in the electrical manufacturing industry. In 
this industry, aluminum alloys have replaced cast iron, brass, and bronze for manjr 
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parts, e.g.y end shields for turboalternators, controller frames, brush holders for 
synchronous converters, oil circuit-breaker supports, circuit-breaker cross-heads, dis- 
connecting switch bases, switch boxes, clamps, and many small castings. Turbo- 
alternator end shields weighing as much as 1100 lb. have been poured in a 95 : 5 
A1 : Si alloy. The manufacture of electric vacuum cleaners on a large scale is a recent 
achievement, and aluminum alloys are used extensively in these machines. Some 
cooking utensils are sand cast in aluminum alloys, and distributors,* vats, and other 
vessels for use in the food-preserving and canning industries are cast in these alloys. 
Aluminum-alloy castings are used extensively in the manufacture of radio receiving 
sets, and the development of radio broadcasting has opened up a new field for the 
application of the metal and its alloys. An increased use for the alloys has followed as 
a result of the recent international agreement as to limitation of tonnage of battle- 
ships and auxiliary craft, and aluminum and aluminum alloys are being adopted for 
a large number of new applications in marine work on the principle that a small saving 
in weight in many small parts will amount, in the aggregate, to a very material increase 
in capacity for additional armament or engine horsepower. The more recent and 
new applications of aluminum alloys are discussed in an article by the writer.'^' 

Melting Practice. — Aluminum and aluminum alloys are melted in various types 
of furnaces in practice, and there is really no standardized mode. In foundry 
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minum alloys in foundry practice and the reverberatory-t 3 rpe furnace for aluminum 
in rolling-mill practice. The theoretical and practical aspects of aluminum and 
aluminum-alloy melting have been discussed at length by the writer in published 
papers, 69 . 70 . 77 , 91 , ^hich may be consulted for detailed information. 

One of the principal difficulties in aluminum and aluminum-alloy melting h 
prevention of oxidation (dross) losses, and even with the best practice there is alwa^ ^ 
considerable loss. In practice, the metal and its alloys should be heated only to the 
required pouring temperature or a little higher, and “soaking" of melts should be 
avoided. The pouring temperature for aluminum in casting rolling ingots is pref- 
erably 700 to 750®C., while in sand practice for 92:8 aluminum-copper alloy, the 
pouring temperature may vary between 700 and 800^C., depending upon the type of 
casting. Fuel losses in melting aluminum and its alloys are large, owing to poor 
furnace efficiency, and the amount of fuel required in melting is about twice that 
needed for copper and its alloys. The amount of heat required to melt and superheat 
92:8 aluminum-copper alloy or aluminum may be taken as 284 cal. per gram ■ 617 
B.t.u. per pound, and if all the calorics available in the fuel were utilized, i.e., if the 
furnace operated at 100 per cent efficiency, it would require the following amounts of 
different fuels to melt and superheat 100 Ib. of aluminum: 4.3 lb. of bituminous coal; 
3.7 lb. of anthracite coal; 4.0 lb. of metallurgical coke; 57 cu. ft. of natural gas; 86 
cu. ft. of illuminating (city) gas; 431 cu. ft. of producer gas; or 2.7 lb. of fuel oil. In 
practice, the actual limits as to fuel consumption are 50 to 200 lb. of coal or coke; 
0.60 to 15 gal. of fuel oil; and 150 to 1,000 cu. ft. of natural or artificial gas. 

Types of Furnaces and Operation. — In foundry practice, the following types of 
furnaces are employed in the United States : coal-, oil-, and gas-fired reverberatory 
furnaces; oil- and gas-fired stationary and tilting iron-pot furnaces; coal- and 
coke-fired stationary and tilting crucible furnaces; oil- and gas-fired open-flame 
tilting, rotating, and stationary furnaces; and electric furnaces of several types. 
In general, ordinary brass-melting furnaces of various types have simply been 
adapted for aluminum-alloy melting, while in aluminum rolling-mill work rever- 
beratory and open-flame barrel-shaped furnaces have been largely employed. 
As indicated, the iron-pot furnace is preferred for melting aluminum alloys in 
founding, but open-flame furnaces are being used more widely than a few years 
ago. 

In small foundries, and in plants where only a minor part of the output is in 
aluminum alloys, pit or crucible furnaces are employed largely. The electric-furnace 
melting of aluminum and its light alloys is receiving considerable attention, and a few 
installations have been made. The tendency toward the employment of furnaces of 
large capacity, t.c., reverberatory and open-flame barrel furnaces, has been quite 
marked lately, and this has necessarily come through the enlargement of plant 
capacity. On the basis of tests made by the writer, it is recommended that the 
stationary or tilting iron-pot furnace be employed in small plants and the reverbera- 
tory type in large foundries, and in large plants it is good practice to supplement a 
large reverberatory furnace with the installation of a few iron-pot furnaces. Figure 
14 shows an installation of stationary iron-pot furnaces in a foundry. 

Turning for a moment to the question of oxidation losses on melting aluminum and 
its light alloys — ^when heated in air, aluminum oxidizes to aluminum oxide (AlaOi), 
apd the rate of oxidation increases rapidly with increasing temperatures. Hence, 
one of the cardinal rules in melting practice is that the melting temperature should 
be kept low, and, moreover, heats should not be allowed to soak in the furnace. Tbe 
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oxidation product resulting on melting is known as “dross/' and this ordinarily 
contains some mechanically entangled metal, the percentage depending upon the care 
used in skimming the melts. In addition to the temperature, the constitution of the 
furnacci atmosphere in which the metal is melted is of great importance, because of 
interactions that take place. Thus, in addition to interacting with oxygen, aluminum 
interacts with nitrogen at normal melting temperature, forming aluminum nitride, 
and this appears in the dross. Hence, when a furnace is operated with great excess 
air supply, tin; dross loss is necessarily high. In speaking of furnace atmospheres, 
it is quite usual to refer to them as “cixidizing,” “neutral,’^ or “reducing,” and in 
melting aluminum and its alloys most melters try to maintain a reducing atmosphere 
and prevent an oxidizing one in the furnace. From the metallurgical point of 
view, the terms mentioned have no significance at all unless defined on the basis of 
(1) the chemical composition of the atmosphere, (2) the kind of metal or alloy melted, 
and (II) tlui interactions that take place between the constituents of the atmosphere 
and the metal or alloy at various temperatures. Aluminum and aluminum-alloy 
melting-furnace atmospheres have been analyzed by the writer and J. H. Capps,”® 
and the (lomdusion is that, pn^ferably, melting furnaces should be run with practically 
“neutral” atmospheres, so that the dross loss is reduced to a minimum and the fuel 
burned efliciently. 

Alloying Practice. — Prior to the production of any kind of aluminum-alloy 
manufactures, it is first necessary to prepare the recpiired alloys, and, in practice, 
the alloys may be prepared and used inim(;diately or tlu'y may be pr63pared and 
cast into pig form for siihscHpiont remedting. As indicated, the greater part of 
the aluminum alloys used in the United States is made up in foundries for the 
production of sand castings, and, as a rule, foundtirs prefer to make up the alloys 
as required rather than to purchase ])repared alloys. Primary aluminum alloys 
of definite compositions, e.gf., 92 :8 aliimimim-eopper alloy, are sold in ingot form 
for casting pur[)os(*s and a substantial tonnage of secondary aluminum-alloy 
pig is made and sold. «vPrimary aluminum alloys, whether pigged or used directly 
for casting, are made up by adding the alloying metal or metals to aluminum 
in a melting operation, while s(»condary aluminum alloys arc made by running 
down scrap aluminum and aluminum alloys, c.(/., borings from automotive 
castings. 

Foundry practice in making up alloys for casting varies considerably, and melting 
chiirg(‘s may consist of the f<>llowing; (1) all-primary aluminum pig plus the necessary 
alloying nu'tal, or intermc'diate alloy recpiired for introducing the additive metal, 
plus foundry scraj) or not; (2) jiriniary aluminuin.-alloy pig plus foundry scrap; (3) 
primary aluininum, intermediate aluminum alloy, foundry scrap, and secondary metal; 
(4) all-se(^ondary metal plus foundry scrap. Other combinations have been employed, 
and these will r(*adily suggest themselves. In making aluminum-copper alloys, it is 
usual to make a fixed addition of copper to the aluminum by the use of the intermediate 
copper-aluminum alloy of nominal composition 50:50 copper-aluminum, known in 
foundry pra(;tic(' as “hardener.” Pure copper and 33 : 07 and 00 : 40 copper-aluminum 
alloys are also employcHl. Tlu* preparation of aluminum-copper alloys has been 
discussed in detail by the writer.®^ 

Iron may be introduced into aluminum alloys by the use of light scrap tin plate or 
fcrroaluminum, while magnesium is best added in small piecjes as pure magnesium, 
using a perforated crucible or “phosphorizer” for containing the metal. Manganese 
additions are usually made with 25:75 manganese-aluminum alloy, and nickel as 
light sheet nickel or 20:80 nickel-aluminum alloy. Silicon is added preferably by 
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using the 50 : 50 silicon-aluminum alloy. Zinc, tin, and other low-melting-point metals 
are added as such. An intermediate alloy is essential when high-melting-point metals 
are to be alloyed, and the employment of these intermediate alloys is a great con- 
venience. Most of them are brittle and can be weighed with accuracy, and their 
melting points are low, so that the additive metal (lan be introduced readily without 
long or high heating. Zinc chloride in small amount is used extensively in melting and 
alloying practice for aluminum and its light alloys, with the objecjt of cleaning and 
fluxing the melts. It is efficacious for the purpose. The use of fluxes in melting 
practice has been dis(!ussed at length in the literature, and a paper by Rosenhain and 
Archbutt may be cited, 

Secondary Aluminum and Aluminum Alloys. — Secondary aluminum is pro- 
duced by remclting aluminum scraps and is used largely for remelting in foundry 
practice for making alloys, although some secondary metal is employed for the 
production of aluminum rolling ingots. Secondary aluminum alloys are made by 
remelting aluminum and aluminum-alloy scraps, and such alloys are used largely 
in foundry practice. In the remelting of aluminum-bearing scraps no refining 
can be done, as in the case of copper, and, conseciuently, secondary aluminum 
and aluminum alloys are normally less pure than the corresponding primary 
materials. The usual impuritic's found in secondary aluminum include copper, 
iron, silicon, manganese, and zinc, while scicondary aluminum-alloy pig, say No. 
12 alloy, may contain iron, silicon, manganese, magnesium, tin, and zinc, in 
addition to copper. Practice employed for the recovery of aluminum-bearing 
scraps is very variable — many types of furnaces are employed, and different 
fluxes are used. The principal reported investigation on the subject is that by 
Gillett and James. 

While all sorts of aliiniinum scraps arc utilized in making the secondary metals and 
alloys — including aluminum dross and skimmiiigs, aluminum rolling-mill scrap, 
aluminum fabricating sera]), particularly from utensil plan^^, and the corresponding 
aluminum-alloy scraps — the bulk of the sccondaiy'^ aluminum -alloy pig is produced by 
smfdting aluminum-alloy borings (i.c., chips, drillings, etc.) from automotive castings. 
Gtmi^lderable heavy aluminum-alloy scrap results from the funking of old motor cars, 
and this makes good material for remelting. In machining automotive castings, 
about 15 jxir cent of the weight of the castings is removed. Considerable amounts of 
aluminum dro.ss and aluminum-alloy dross are smelted in secondary practice. In 
drosses, the content of metallics may nin 5 to (M) per cent, depending ui)on conditions, 
and the recovery on smelting varies from 40 to 75 per cent. The recovery on smelting 
l)orings may be from 40 to 90 per cent of the metal charged, and 80 per cent is 
good recovery on dirty borings. Recovery naturally depends upon the quality and 
size of borings, i.c., as to whether the chips are oily, dirty, or clean, and whether large 
or small. The kinds and characteristics of the aluminiferous scraps available to the 
secondary smelter have been discussed by the writer.*''*^ In secohdary practice, the 
determination of the constitution of miscellanwus lots of scraps and their evaluation 
are important, but the lack of space prevents discussing these items here. 

The question of fluxes to be used in secondary aluminum work is of great impor- 
tance, and a very great number have been suggested, although only a few have been 
extensively employed in practice. The object in using a flux is to reduce oxidation loss 
on melting and to cause coalesc^encc of the metal, particularly when melting fine scraps, 
like borings, and drosses. In practice, the 85:15 sodium chloride-calcium fluoride 
^Inx is used most generally, but zinc chloride, several special mixtures of alkali fluorides, 
and cryolite arc also employed. As indicated, the methods of smelting are varied. 
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and all sorts of methods have been suggested. Heavy scrap can be readily melted with 
little loss, but special methods are necessary in smelting drosses, borings, and fine 
scraps. In running borings and drosses, the materials are often charged to a liquid 
heel in a crucible furnace with a flux, and the mass puddled to insure coalescence of tho 
melted globules, while recently the practice of puddling and working such materials 
in large revcrberatory-type furnaces has gained ground. Drosses^ are normally 
(crushed and screened to remove aluminum oxide before smelting, while borings are 
mil over a magnetic separator to remove included iron chips. Light scrap, like that 
from utensil fabrication, may be economically baled before smelting. 

The composition of secondary aluminum and aluminum alloys is very variable, but, 
roughly, the following grades of materials are made: mz., 98 to 99 per cent aluminum 
pig, No. 12-alloy pig, No. 31-alloy pig, and so-called “casting aluminum. The last 
mentioned is often poor in quality, since it normally contains excessive amounts of 
various impurities and is unsuitable for founding. A typical analysis of secondary 
98 to 99 per cent aluminum pig is: Cu, 0.42; Fe, 0.82; Si, 0.30; Zn, 0.74; and Al (by 
difference), 97.72 per cent. A typical analysis of secondary No. 12-alloy pig is: Cu, 
7.5; Fe, 1.3; Si, 0.3; Zn, 1.0; and Al (by difference), 89.9 per cent. 

Aluminum-alloy Foundry Practice. — The aluminum-alloy casting industry is 
only about twenty-five years old, and its greatest growth has come in the past 
fifteen years. There are now 2,500 foundries and foundry departments of manu- 
facturing plants in the United States in which aluminum-alloy sand castings are 
made, and the number is increasing rapidly. As pointed out, about 50 per cent 
of the world’s production of aluminum goes into the manufacture of light alloy 
castings, and, on the basis of the present output of aluminum, probably about 
200,000,000 lb. of castings are now made annually. In trade parlance, aluminum- 
alloy castings are usually referred to as “aluminum” castings, but it is as incor- 
rect so to speak of these castings as it would be to call brass or bronze castings 
by the term “ copper ” castings. Aluminum-alloy foundry practice has been most 
highly developed in tlfe automotive and exclusive aluminum-alloy foundries, 
and some of the exclusive aluminum-alloy foundries are large, with outputs of 
from 2,000,000 to 20,00G;000 lb. of finished castings per annum. In the United 
States, the bulk of the output conies from the Detroit and Cleveland districts. 

Any size casting can be made in aluininuni alloys, and in practice pieces weighing 
up to 2,000 lb. have been poured. A casting weighing 500 lb. is considered large, 
and in ordinary production jiarts from 1 to 200 lb, are generally made. Very small 
pieces weighing 1 oz. are cast in sand, but small parts, especially when required in 
large numbers, are better made by die casting. The minimum thickness of section 
for sand castings is about in., and for machining about in. should be allowed for 
finish on large castings and in. for small parts. The size tolerance for ordinary 
commercial castings is usually given as ^ 32 in. and the weight tolerance as 3 to 5 per 
cent. From the point of view of founding, it is of great importance to select alloys 
which possess good casting properties, and the theoretical aspects of this subject have 
been discussed in some detail by the writer. Here it is possible only to point out 
that the production of satisfactory castings with a minimum of wasters depends upon 
the thorough recognition of the following properties of aluminum alloys: (1) the high 
contraction in volume, (2) the pasty stage that exists near the melting point and 
which persists for a relatively long time, and (3) the low strength at elevated tem- 
peratures. In general, the most suitable alloy for casting is the one having the 
least contraction on freezing. 
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Molding Sands and Core Sands. — The ordinary molding sands that are used 
for brass are suitable for aluminum alloys, and in the United States the well- 
known Albany sands are employed considerably. Certain Ohio, Kentucky, 
Michigan, Illinois, and New Jersey sands are also used. Thames sand has been 
imported from England for aluminum-alloy work, although quite needlessly, 
since it is very»similar in texture, analysis, and behavior in the foundry to Albany 
sand. Similarly, sands have been imported from France, with the mistaken idea 
that foreign sands possess some undescribed properties which make them espe- 
cially suitable for light-alloy founding. There are ample sources of sands for both 
molding and core work in the United States. A typical Albany sand has the 
following analysis: loss on ignition, 1.95; Si 02 , 80.52; Fe 203 , 4.83; AI 2 O 3 , 8.39; 
CaO, 0.67; MgO, 0.64; Na20, 1.25; and K 20 , 1.45 per cent. The rational analysis 
is; clay substance, 19.85; quartz, 50.50; and feldspar, 29.65 per cent. In 
molding aluminum-alloy castings, the sand should be worked rather dry, and the 
molds rammed rather lightly. The water content of tempered sand is 5 to 10 
per cent, and 7 per cent water added to dry sand is suitable for average work. 
Burning-on difficulties which occur in steel-castings production are not met with 
in aluminum-alloy founding, but the increased tendency to oxidation and the 
greater mobility and sand-searching power of aluminum alloys present peculiar 
difficulties. 

A large variety of core-sands and mixtures of sands, as well as binders, are employed 
in aluminum-alloy founding. Cores should he made so that they will crush readily and 
offer no resistance to the normal shrinkage of the easting. A hard core will cause 
strains to be set up, so that the metal will fracture. Hence, the cores should be light 
and soft. Some special core sands, such as Providence river sand, are handled by 
dealers especially for aluminum-alloy castings, but usually particular mixtures are 
employed. Thus, a mixtun^ used by one foundry consists of 3 parts new core sand 
(sharp white sand), 1 part new molding sand, and 4 parts ol(J burnt core sand; this is 
mixed in the ratio 1 : 20 or 1 ; 25 binder: sand. Dextrin, oil, resin, and other commercial 
binders are employed in (!ore-saiid mixes. The tendency in aluminum-alloy foundry 
pmettee is toward the use of green-sand cores wherever possible, because of the greatly 
decreai^d production costs which may be effected by their employment, rather than 
dry-sand ('ores. Green-sand (*,ores are used largely in the founding of large auto- 
motive castings, as body cores for crank cases, oil pans, and transmission housings. 
Dry-sand cores arc used practically exclusively for some kinds of automotive (jastings. 
such as manifolds and carburetors. 

Practical Aspects of Founding. — While the details of foundry practice can- 
not be discussed here, a few general principles may be laid down to ensure the 
production of good castings. The melting stock should be carefully selected 
and mixed so as to give the required alloy, and heats should be under strict chemi- 
cal control. The alloy should be melted in a non-oxidizing or neutral atmos- 
phere, care being taken that no part of the charge be overheated. Molds should 
be prepared waiting to be poured, rather than to have the alloy standing in the 
furnace waiting for molds. The alloy should be cast at the correct pouring tem- 
perature. The mold into which the alloy is poured should be carefully prepared, 
and one of the most important considerations is that of cleanliness. Among other 
factors, the following are of the utmost importance as regards the preparation of 
molds: (1) the gates should be properly proportioned, correctly distributed, a,nd 
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placed in the right positions; (2) the gates should be designed so as to choke and 
flkim the alh)y before it enters the mold cavity; and (3) there should be a sufficient 
number of risers, properly placed, of the correct size to feed all sections. 

Blowholes, porosity, unsoundness, and other defects in aluminum-alloy castings 
and poor mechanical properties occur together, and the general principles of founding, 
applied to produce good mechanical properties, will tend to eliminate wasters to a great 
extent. As has been pointed out, the pouring temperature of light aluminum alloys 
has a great effect upon the stnmgtli, soundness, and gent'ral properties of the alloy, and 
the general rule in foundry practice is that all castings should be poured at as low a 
temperature as is possible and still have the alloy fill the molds and also avoid cold 
shuts. The pjrrometric control of melting and pouring temperatures is essential to 
the production of good castings. The pyod Ls a good type of pyrometer. 



Fig. 15. — Crank-caso molding in a roll-over machine. (Osborn Mfg. Co.) 


Molding Methods. — The first item for consideration in the production of cast- 
ings is the design of the parts and the preparation of the patterns. Pattern 
makers usually allow a shrinkage of 0.156 in. per foot, but this is unsafe, and the 
actual contraction of the different alloys used should be determined.^®® Castings 
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should be designed so that the variations in thickness of contiguous sections are 
as small as possible, and sharp changes in direction, arc to be avoided as are thin 
sections and complicated coring. Where thin and thick sections are in contiguity, 
ample connecting fillets should be used. The required porosity in the sand can 
be obtained by using properly selected and tempered sands and by light and even 
ramming. H^d ramming should be avoided. In gating, large and complicated 
castings arc best run from bottom gates, since these give more even flow of metal 
and prevent displacement of cores. Large gates and risers are recommended, 
so that the metal will not be restricted in its flow in the mold and all sections will 
be adequately fed. Itisers should be attached to those parts of the casting that 
solidify last. Chills are used fre(iuently, particularly where large masses of 
metal are contiguous to light, thin sections, and they are useful in preventing 
cracks. 

Machine molding is used extensively for large castings, and Fig. 16 shows a step 
in the process of molding a crank case on a jar-rammed rollover molding machine. 
The sand is b(‘ing tucked in around the pattern. After a rough casting has been 
shaken out of the mold, the core sand is removed, the gates and runners knocked off 
by hammers or cut with ii band saw, and all fins, gate lugs, and other small protuber- 
ances are removed by (flipping and grinding. After rough cleaning, the castings 
may be sand blasted, and then are sent to the machine shop. 

Defects in Castings. — Coasting losses in the production of aluminum-alloy sand 
castings are normally rather high, and the averages loss due to wasters in founding 
automotive castings is 10 to 15 per cent. About 75 per cent of the wasters are 
caused by molding teclmiciue, and the remainder by metallurgy, melting, and 
miscellaneous causes. R(‘jections vary considerably in different foundries, 
depending upon the type of casting made and local conditions. Furthermore, 
different castings are rejected for different n^asons. Porosity and leaks cannot 
be toleraU^d in crank cases, manifolds, and carburetors, 4)ut th(*se same defects 
are not s(irious in clutch cones, and some kinds of housings and carriers. On 
tlip ojher hand, surface sand holes are sufficient cause for^rejection in many kinds 
of castings which imist b(* highly polished, such as vacuum-cleaner housings and 
parts, wheel-hub (!aps, and instrument frames. 

In practice, castings may b(‘ rejected for defects resulting from one or a combina- 
tion of causes, including cracks, sand holes, chill blows and core blows, cold shuts, 
hard inclusions (“hard spots”), porosity and general unsoundness, blowholes, run- 
outs and rnisriins, uneven walls and cut-throughs, breaks in truc.king, handling, 
chipping, cleaning, and welding, draws, and such defects as are traceable to hard 
ramming and soft ramming, dirty and broken cores, sand or paste in the cores, 
crushed molds, washed-in gates, poor patching, wet sand, broken molds, cope drop, and 
other items. The regulation of shrinkage and the prevention of cracks are two of the 
more serious difficulties in the production of aluminum-alloy castings, and rejections 
because of shrinkage and cracks are heavy on the average. In general, many of the 
present casting losses in founding (?ould be prevented by adequate inspection of molds 
before closing, and many of the defective castings made can be salvaged by welding 
and other repairs. Casting losses and methods for the prevention of wasters have 
been discussed at length by the writer in published papers. 

Some Typical Defects. — Of the various defects that may occur in sand castings 
of aluminum alloys, the three most frequent and important are: (1) blowholes, 
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porosity, and general unsoundness; (2) hard inclusions; and (3) cracks. Blow- 
holes are caused primarily by too high melting and pouring temperatures, and 
can be largely prevented, but general unsoundness is more difficult to overcome. 
As a rule, aluminum-alloy sand castings tend to be unsound, and in practice it is 
necessary to make tests on inspection, in certain types of castings, for porosity 
and related defects. 

The usual method employed for detecting general or local porosity In such castings 
as crank cases, oil pans, manifolds, etc. is the open test with a solution of methylene 
blue in gasoline. In the test, this liquid is painted or smeared on the casting, and if 
the part is porous, the solution will seep through and show on the other side. Air- 
pressure, water-pressure, and steam-pressure tests are also applied, particularly to 
hollow castings, for detecting porosity and leaks. Porous castings may be treated, 
i.e., the porosity closed, by several methods, of which the sodium silicate method is 
the one most commonly employed. In this, the castings are first soaked in concen- 
trated (40°B6., 1.38 sp. gr.) sodium silicate solution for an hour, then immersed for 
1 to 2 min. in dilute sulphuric acid (25 per cent), and then washed in water. The 
casting is then dried at above 100°C. for at least 1 hr. Porous castings may also be 
treated with bakelitc. The general subject of blowholes, porosity, and related defects 
in aluminum-alloy castings has been discussed at length by the writer. 

The occurrence of hard inclusions, i.c., the so-(;alled “hard spots” of foundry par- 
lance, in aluminum-alloy castings is of interest and importance to founders and users 
of parts. In some cases, the percentage of machine-shop returns, owing to rejec- 
tions because of hard inclusions, may be high and be the cause of considerable loss. 
Hard inclusions differ so widely in character that the term “hard spots” is only 
roughly descriptive, but “hard spots” arc ordinarily defined as any kind of metallic 
or non-metallic inclusions that c,au8e difficulty on machining or polishing. When a 
machine tool strikes a hard inclusion, its edges are quickly dulled and rendered unfit 
for cutting. All hard inclusions may be divided into two classes, ?a 2 ., (1) non-metallic 
inclusions, and (2) inel^allic inclusions. Under the former are included all hard, 
foreign, non-metallic particles, such as pieces of brick or cement, chunks of crucibles, 
core sand and molding sand, and hard clay, that may be charged with the melting 
stock. Metallic hard inolusions are generally traceaV)le to iron, and are due to actual 
iron or steel, such as nails, core wire, chaplets, chills, etc., charged into the furnace, 
or to the hard intermetallic compound FeAb caused by the dissolution of iron or high 
iron in the melt. Tlie subject of hard inclusions in aluminum-alloy castings has been 
discussed at length by the writer.®'' They can be practically entirely prevented by 
clean melting practtice. 

Cracks in aluminum-alloy castings constitute the most serious defect encountered 
in founding, and if the average casting loss be taken as 10 per cent, the wasters because 
of cracks amount to 2 per cent of the castings poured, or 20 per cent of the total 
defectives. The usual commercial aluminum alloys are subject to cracking when 
poured into molds, owing to their large contraction in volume on freezing and their 
hot shortness, and, so long as complicated castings arc made, cracks must be expected 
in production. Some of the principal factors affecting the occurrence of cracks are : 
the composition of the alloy; the method of molding; and the design of the castings, 
particularly as to thick and thin sections in contiguity. In general, the less the con- 
traction in volume of the alloys the less the cracking. The silicon-bearing aluminum 
alloys are particularly good for cjisting, since they have little tendency to crack — 
their contraction in volume is relatively low as compared with the other alloys. 
The causes of and methods for the prevention of cracks have been discussed by the 
writer in another place, where detailed information will be found. 
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Die Casting and Permanent-mold Casting. — Aluminum-alloy castings are 
made by two other processes than sand casting; viz., by die casting and per- 
manent-mold casting, but the total production by these methods is subordinate 
to the output of sand castings. In die casting, special steel dies or molds are 
employed, while in permanent-mold work cast-iron molds are generally employed. 
The use of metallic molds for castings production finds justification in the fact 
that practically all castings made in sand molds require considerable machining, 
and that, by the use of a metallic mold of some kind, castings which are more 
accurate as to size and weight tolerances and which require little or no machining 
can be made. Practically any mechanical part, unless too large, can be made by 
die casting or permanent-mold casting, and castings made by those processes 
may be practically finished parts when they come from the mold. A 20- 



Fia. 1(» — Mold for iilumiiium alloy lu-Loii pH^diu ucjii. 


lb. casting is considered large in i)cnmuu*nt-nK)ld work, but (tastings u]) to 2001b. 
have been poured. The minimum weight may be taken as about 1 oz. A 10-lb. 
casting is considered large in die-casting work, and very small pieces weighing 

oz.’are made. The minimum section thickness for die castings is about 
>1*6 in. and that for permanent-mold castings is in. Die castings may require 
no stock for finishing if tolerances of + 0.003 in. are allowed. The same alloys 
used for sand casting are employed in die casting and permanent-mold work, 
but some special alloys have been developed for particular use in metallic molds. 

A die casting is a finished casting made by forcing a liquid alloy under pressure 
into a metallic mold or die. Air pressure is used ordinarily for aluminum-alloy die 
castings. A permanent-mold casting is a product obtained by pouring a liquid alloy 
into a metallic mold, the metal going into the mold under the forc<^ of gravity. Die 
casting is essentially a quantity production process, and few parts can be considered 
practical die-casting jobs in less than 1,000 lots, because of the heavy expense involved 
in making the dies. The cost of any die casting must be less than the combined cost of 
producing a sand casting plus the cost of machining to a finished product equivalent 
to a die casting. It should be pointed out that aluminum-alloy die castings made on 
compressed-air machines are exceptionally unsound and full of blowholes. The outer 
shell has a good surface appearance, but if that shell is removed by machining, the 
unsound and blowholey character of the interior will be revealed. Hence, such cast- 
ings should not be used where strength is essential. 
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The process of die casting consists essentially in melting the alloy in a suitable 
container and then forcing it, by suitable means, under pressure into a metallic mold 
or die. As stated, aluminum-alloy die castings are made largely on dompressed-air 
machines, but in Europe such castings are also made by mechanical pressure, i.e., 
by the Cothias system. Various compresscd-air machines are in use in the United 
States, among which may be mentioned the Hakanson, Kralund, Bungay, Doehler, 
Stewart, and Sandage types. Such machines are generally semiautomatic in operation. 
In casting, the alloy is maintained at 700 to 750°C., and the dies arc run at 350 to 
500°C., depending upon the type of casting and the rapidity of operation. The air 
pressure for forcing the alloy into the dies varies from 100 to 1,500 lb. per square inch, 
and for the ordinary nin of castings may be about 500 lb. Each half of the die may be 
made of a large num})er of component members, but when assembled the dies must 
open and close in two sections. The internal cavities, holes and other irregularities 
on a casting are produced by steel cores. The <lies are ordinarily made of chrome- 
vanadium steel, and the cores may be made of the same steel or of tungsten steel. 
When properly heat treated, chrorn e-vanadium steel dies will last for 10,000 to 15,000 
or more casts. Tour®*^ has discussed the performance of dies. The 92: 8 and 90:10 
aluminum-copper alloys have be(»n employed gcaierally for die casting, but some 
special alloys including 90 : 2 : 8 aluminum-eopper-silicori and 90:8: 2 aluminum-copper- 
nickcl alloys have been employed considerably. Aluminum-alloy die castings are 
adapted to a variety of uses, notably in the form of small parts for automotive con- 
struction in the manufactinv of automobiles and ain^raft, for vacuum cleaners, radio- 
sot parts, hous(‘hold api)liances, adding machines and typewritixs, and various small 
parts of light machinery. 

It has been stated that the term permanent-mold castings is used to connote the 
product obtained by pouring liiiuid alloys into metallic molds, the metal going into 
the mold under th(‘ force of gravity, and yielding a casting. In the literature, per- 
manent-mold castings hav(* often been confuvsed with die castings. Th(* permanent- 
mold process has l)een used largi'ly for the production of aluminum-alloy pistons for 
internal-c.ombustion engines, but numerous other kinds of castings are made com- 
mercially. The processr-is confined largcdy to the manufacture of castings in which 
metallic cores can be used, but some ca.stings have been imuh^ using sand cores. The 
essential featun's of piMinamuit-mold castings are similar to those of otherwise identical 
di(* castings, but the foi*mer ar(‘ sound, whereas th(‘ latter an* not. Moreover, t*he 
tensile properties of permanent-mold cast alloys an* normally much better than 
sand-cast ones. Thi* process may be regarded as standing intermediate between saTnd 
casting and die casting, and it has a definite field not covered by eitlier. I'he process 
consists essentially in assembling the mold, heating it to the proper temperature (in 
practice the mold is kept hot by burners), inserting the cores, and pouring the alloy. 
"Fhe cores are reniovivl in the propijr order and at a suitable interval of time after the 
alloy has been poured, and the mold is then taken apart so that thc^ casting can be 
removed. Sz/ikely^ lias patented the general principles of permanent -mold casting, 
but many improvements have been made recently in the construction and operation 
of molds for the production of particular kinds of castings. 

Permanent molds are generally made of gray cast iron, and the cores are made of 
3.5 per cent nickel steel or other special alloy steels. Molds made of cast iron high in 
graphitic carbon and low in combined carbon arc preferred, and a typical analysis of 
such an iron is: combined carbon, 0.14; graphitic carbon, 3.35; Si, 2.40; Mn, 0.4:i;S, 
0. 10; and P, 1.3 per cent. Mold temperatures are variable, but for piston production 
molds are operated at 325 to 525°(^., and the cores are kept somewhat cooler. Washes 
and coatings for the inside surfaces of molds are practically useless and need not be 
applied. However, a mixture of sodium silicate and lime made into a thin paint with 

1 U. S. Patent 841279, Jan. 15, 1907. 



METALLURGY OF ALUMINUM AND ALUMINUM ALLOYS 741 


water is frequently employed. The production of aluminum-alloy pistons in per- 
manent molds has been discussed by the writer and M. E. Boyd. Figure 16 shows a 
view of a permanent mold for pouring aluminum-alloy pistons. In addition to being 
used for pistons, permanent-mold casting has been extended to the production of many 
parts ordinarily made by sand casting or die casting. The process gained much 
ground in the period 1922 to 1925, and is now a serious competitor of both sand casting 
and die casting.* 

Mechanical Treatment of Aluminum and Aluminum Alloys. — As indicated 
previously, about 50 per cent of the aluminum production is used for making light 
alloy castings, while the remainder is used as substantially pure aluminum, largely in 
fabricated form. The production of worked manufactures in aluminum alloys is just 
now being developed, and the total output of worked aluminum alloys (rolled, drawn, 
forged, and extruded parts) is relatively small as compared with the output of cast 
alloys. Substantially pure aluminum is rolled into sheets of various gages, from 
Nos. 10 to 40 American wire gage(B. & S. gage), to be used for fabricating; drawn 
into wire for electrical coii(luc1,ors; and drawn or extruded into bars, rods, tubes, 
molding, channels, and special shapes. Very thin aluminum foil is made, as well as 
powder, dust, and granulated aluminum. Some aluminum-alloy sheet is rolled, 
largely in 98.5:1.5 aluminum-maganesc alloy and in duralumin, but very little alumi- 
num-alloy wire is produced. Aluminum-alloy forgings, largely in duralumin, are 
being made commercially at the present time, and the use of such forgings is 
expected to increase. The specific tenacity of certain forged aluminum alloys 
equals that of forged 3 per cent nickel steel. Rolled, drawn, and extruded 
aluminum alloys have been used for a number of years, but not in important 
amount; however, the employment of extruded sections in aircraft has been general, 
and the production of sections by extruding is a desirable method of matiufacture. 

Rolling Practice. — The dtjtails of rolling-mill practice for aluminum have been 
treated in detail by the present writer and M. B. Anderson.'*® The sequence of 
operations in the production of aluminum or aluminum -alloy sheet is about as 
follows: (1) melting of the aluminum (and, in alloys, pieparation and melting 
of the allojO; (2) pouring the ingots; (3) preheating the ingots to the proper 
temperature for breaking down into slabs; (4) breaking the ingots down hot into 
slabs; (.5) slabbing, i.e., further reduction either hot or cold; (fi) roughing; (7) 
finishing; (8) annealing and heat treatment when required. 

Aluminum and alumiiium-alloy sheet rolling differs from steel, brass, and copper 
rolling in the relatively low temperatun\s employed for hot work, and, further, 
finishing to final gage is usually ])erformed in the cold. 

In casting rolling ingots, the metal or alloys are poured into vertical, tilting, book- 
type, cast-iron molds or into horizontal open molds; the former arc preferable. Coat- 
ings are unnecessary for the inside surfaces of the molds. The pouring temperature 
for casting aluminum rolling ingots is 700 to 750°C., and the light aluminum alloys 
are usually poured slightly lower. Ingots arc; cast in various sizes, depending upon 
the size sheet to be rolled. A common size used in American practice for wide 
sheets is 4 by 12 by 17 ins., weighing about 75 lb., while for rolling strip, coils, and 
narrow sheets, smaller ingots, e.g., 3 by 12 by 32 in., 2 by 12 by 24 in., and 1J4 by 12 
by 18 in., are used. After casting, the ingots arc heated in ingot-heating furnaces to 
425 to 450°C. for aluminum and 450 to 480°(\ for duralumin, prior to rolling. At 
some works, aluminum ingots are rolled directly from the molds, but this is bad 
practice. From the ingot-heating funiace, the ingots are broken down hot in a two- 
high mill to slabs. Old machine oil or kerosene is sprayed on the rolls to prevent the 
slabs from sticking. For aluminum in wide sheets, the slabs are then cold slabbed on 
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a mill to about half their original thicknm, then roughed to within about two gage 
numbers of the finished gage, and finally rolled on finishing mills to the required gage. 
All rolling from the hot-mill slab may be done entirely without annealing between 
passes, but for some alloys of the duralumin type it is necessary to anneal fairly fre- 
quently in order to reduce cracking. Aluminum is produced as wide sheets and as 
strip or coil metal. The former are run on wide finishing mills and the latter on 
mills with narrow rolls, or strip mills. Figure 17 shows an aluminumVolling mill with 
rolls 16 by 30 in. In making planished sheet, the roll surfaces are kept bright and 
smooth with buffs, while in making gray plate the sheets are finished on unpolished 
rolls. 

Aluminum sheet is furnished in various hardness, e.g.y hard rolled, intermediate, 
and dead-soft annealed. The hardness is that given by the Shore scleroscope, and 



Fig. 17. — Aluminum-sheet finishing mill. (W. H. A. Robertson & Co., Ltd.) 


in intermediate sheet varies ov(‘r a considerable range. The intermediate grades are 
made by annealing during the course of rolling and before the final passes. Hard- 
rolled sheet is the product obtained by cold n)lling from the slab to finished gage, while 
dead-soft annealed sheet is made l)y full anneal on hard-rolled sheet. Annealing is 
carried out by heating for 2 to 3 hr. at 400®(s, and the metal can be softened by a 
rapid anneal at moderately high temperature. The annealing of aluminum sheet has 
been discussed at length by the writer.**® Table 12 gives the weights of aluminum 
sheets in various gages and those of slabs in various thickness. Aluminum foil is 
made by rolling sheet very thin on special foil mills, or else thin sheet may be worked 
under the hammer until the required thinness is obtained. 

Forging Practice. — In forging aluminum alloys, the temperature rangp is 
restricted for hot working, since the alloys are hot short, and the proper tempera- 
tures for different alloys are worked out by trial. In the production of forgings, 
the sequence of operations may be as follows: (1) preparation and melting of the 
alloy; (2) pouring the ingots; (3) preheating the ingots to the working temp)era- 
ture; (4) hot working or cogging into a billet, bloom, or slab; (5) hot forging to 
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Table 12. — Weights op Aluminum Sheets and Slabs in Various Gages and 

Thicknesses 


Sheet gage, 
A.w.g. 

Thickness, 

inch 

Weight per 
square foot, 
pounds 

Sheet gage, 
A.w.g. 

Thickness, 

inch 

Weight per 
square foot, 
pounds 

0000 

0.4600 

6 406 

19 

0.0358 

0.499 

000 

0.4096 

5 704 

20 

0.0319 

0.445 

00 

0.3648 

5 080 

21 

0 0284 

0.396 

0 

0.3248 

4 524 

22 

0 0253 

0.353 

1 

0.2893 

4 029 

23 

0.0225 

0.314 

2 

0 2576 

3.588 

24 

0.0201 

0.279 

3 

0 2294 

3 195 

25 

0 0179 

0.249 

4 

0.2043 

2 845 

26 

0 0159 

0.221 

5 

0 1819 

2 534 

27 

0.0141 

0.197 

6 

0.1620 

2 256 

28 

0.0126 

0.176 

7 

0 1442 

2 009 

29 

0 0112 

0.156 

8 

0 1284 

1 789 

30 

0 0100 

0.139 

9 

0.1144 

1.594 

31 

0 0089 

0 124 

10 

0 1018 

1 418 

32 

0 0079 

0.110 

11 

0 0907 

1 264 

33 

0 0070 

0 098 

12 

0 0808 

1 126 

34 

0 0063 

0.087 

13 

0 0719 

1 002 

35 

0 0056 

0 078 

14 

0 0640 

0.892 

36 

0 0050 

0 069 

15 

0 0570 

0 796 

37 

0 0044 

o 

d 

10 

0 0508 

0.707 

38 

0 0039 

0.055 

17 

0 0452 

0 630 

39 

0 0035 

0 049 

18 

0 0403 

0 561 

40 

9 0031 

0.043 


Slabs 


Thickness, 

inch 

Weight per square 
foot, pounds 

Thickness, 

inch 

Weight per square 
foot, pounds 

He 

0 869 


7.827 

H 

1 739 

% 

8 697 


2.609 


9.567 

y* 

3.479 

% 

' 10 435 


4.348 

yu 

11.306 

H 

5.218 

H 

12 175 

Ke 

6.088 


13 045 

y 

6.958 

1 

13 914 


final shape; and (6) heat treatment if required. Duralumin is the principal 
alloy used for forging, but the 97 : 3 aluminum-copper and 97:2:1 aluminum-copper 
manganese alloy have been employed. While some forgings have been made by 
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working a cast ingot, ordinary practice calls for a preliminary working by rolling, 
and the final shaping is done on a piece cut from a rolled billet or slab. Duralu- 
min is forged in the range at 450 to 480°C., and the 97:2 : 1 aluminurn-copper- 
manganese alloy may be given preliminary forging at 500°C., and then finished at 
300°C. Finishing temperatures are varied according to the strength desired, 
and fairly cold forging may he done as low as 250°C. Duralumin forgings are 
heat treated after shaping, in order to give the parts the required mechanical 
properties. Forging is done under the hammer, as in ste^,el forging, but the blows 
are lighter. Substantially pure aluminum is forged occasionally, e.g., the ends 
of aluminum conductor rods arc forged for making bus-bar connections. 

Forged duralumin may have a tensile strength of 55,000 to 62,000 lb. per square 
in(4i, a yield point of 30,000 to 36,000 lb., an elongation of 18 to 25 per cent, and 
BriiKill hardness of 93 to 100. These figures n‘f(*r to heat-treated forgings. Dura- 
hnnin forgings are now being used as ef)nn(*cting rods on several standard American 
motor ears. Forg(*d duralumin rims and pressed axle housings have been used in 
automotive construction. 

Drawing Practice. — Aluminum is ductile and can be readily drawn into shapes, 
sections and wire. In lat(^ years, the extrusion i)roc(^ss has come into general 
use for the production of sections, bars, and tubes in both aluminum and its light 
alloys, but wire*, is mad(^ by drawing on a bench. Rods and wire are first hot rolled 
and then cold drawn to size or gage. The methods used are similar to those for 
copper. In wire drawing, wire bars or billets are rolled to to 3'2-ill- rounds, 
and these rods are then cold drawn to final gage. Talhjw is employed as the 
lubricant, and the drawing speeds vary from 150 ft. (initial) to GOO ft. (final) 
per minute. In drawing tubes, plates are first cupped, as in brass-tube manu- 
facture, and then drawn on a press, followed by drawing on the draw bench. 
Such drawing may be (^)ne cold, but annealing between draws is done if necessary. 
Aluminum wire is made in various sizes from Nos. 0000 to 35 American wire 
gage (B. & S. gage). Drawn sections arc made in practically any reciuired shape. 
Aluminum and alumimfm-alloy rivets, bolts, nuts, and similar products are* made 
by screw-ma(;hine operations on rods. 

Extrusion Practice. — Aluminum and its light allo3^s are extruded into various 
sections. The extrusion process consists in forcing an ingot, previously heated, 
through an aperture — the extruded metal naturally taking the shape of the 
aperture through which it is forced. By extrusion, sections can be made in one 
operation to th(^ required size. Extrusion is an improved method for producing 
bars, rods, tubes, and sections of any desired shape, and it is expected to supplant 
drawing for many shapes. Substantially pure aluminum is very suitable for 
extrusion, owing to its malleability at the working temperature ; some aluminum 
alloys are suitable, but others are not. The temperature in extruding varies among 
the different alloys, and the pressure employed is a function of the properties of 
the alloy and the temperature used. Considerable experimental work on extrud- 
ing aluminum alloys has been carried out by Rosenhain and his co-workers*^^ 

In the process, the sequence of operations is as follows: (1) preparing and melting 
the alloy; (2) pouring the ingots; (3) preheating the ingots to the working tem- 
])eratiire; (4) extruding; and (5) heat treatment, if necessary. Short ingots are 
normally used for extrusion in order to keep the ram pressures on the extrusion presses 
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as low as possible. An ordinary size of ingot is 5-in. diameter and the length may be 
up to 24 in. In extruding, the heated ingot is placed in the pressure chamber of the 
extrusion press, and the ram or plunger is forced against it so that the alloy is made to 
flow through a hardened die which is held securely in a strong head. The dies may be 
made with one or a multiplicity of apertures, say up to four, so that with small sections 
several pieces are made w^ith one stroke of the ram. In extruding tubes and other 
hollow sections,' a hollow ingot is used. The temperature for extrusion is 360 to 
500°C., depending upon the alloy and the size and shape of the section. 

Aluminum and duralumin are used most frequently for extruding, and experiments 
have been made with many alloys, particularly 77:3:20 aluminum-copper-zinc and 
92.5:4:1.5:2 aluminum-copper-magnesium-nickel. Substantially pure aluminum 
when extruded may have tensile strength up to 34,000 lb. per square inch and elonga- 
tion of 5 per cent. With extruded rods (»f 77:3:20 aluminum-coppcr-zinc alloy, 
values up to 60,000 lb. have been obtained for the tensile strength, and up to 20 per 
cent elongation. 

Metallography. — The methods of X-ray crystal analysis applied to the 
structure of metallic aluininuin assign a face-centered cubic arrangement to its 
atoms. The length of the side of the elementary cube is 4.046 A. U. and the distance 
of closest approach of the atoms is 2.86 A.U, Aluminum is not allotropic. A 
metallography for aluminum and its light alloys comparable to that set up for 
steel has now been worked out, and the microstructures of alloys in many 
binary, ternary, and some quaternary aluminum-alloy systems have l)een studied 
in connection with inA^estigatioiis of the diagrams of thermal equilibrium. Metal- 
lography as a method of test and control of (juality has not yet been extensively 
applied in the production of aluminum and aluminum-alloy manufactures, owing 
largely to the difRculties exjjerienced in the preparation of microsections. In 
recent years, considerable work on the constitution of aluminum alloys has been 
done at the National Physitial Laboratory, lOngland, and new diagrams for a 
number of systems published in the Journal f)f the Institute of Metals (q.v,). 
Considerable work has been done by Carpenter and his collaborators'*®'®^ recently 
on^the microstructural changes occurring on heating worlj^ed aluminum. 

In prcpaijiig sections of aluminum and its light alloys for microscopic examination, 
it should b(* remembered that the materials are soft and easily scratched, and alumi- 
num is one of the most difficult metals to polish. Etctiing reagents for distinguishing 
metallographie (‘onstituents in aluminum and aluminum alloy.s arc only imperfectly 
developed. While the general plan of pre[»aring microse(;tions of aluminum and its 
alloys is similar to that for steel, the ordinary methods used lor steel are totally useless 
for aluminum. Thus, when the metal is ground on fine emery papers it becomes 
badly darkened, owing to tlu^ emery particles working into the mass. This is over- 
(50 me by smearing the papers wdth paraffin. Methods for preparing sections have been 
descTibcd by Hanson and Archbutt, by the writer, 42.47,40 Dix^w.oa others. 
The method of Dix may be described briefly. The section to be prepared is first 
ground on a coarse wheel, and then on a finer wheel to secure a plane surface for sub- 
sequent operations. The section is next ground by hand on emery papers of suc- 
ceeding fineness {e.q., French Hubert of four succeeding grades), and the two finest 
papers arc covered with paraffin dissolved in kerosene in order to prevent the emery 
particles from becoming embedded in the specimen. The next operation, after wash- 
ing, consists in running on a broadcloth disc using Norton 65F alundum as the abra- 
sive. Final polishing is done on a broadcloth disc using heavy magnesia powder 
as the polishing agent. Excellent structures in aluminum and its alloys can be 
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doveloped by relief polishing. Figure 18 shows the microstructure of impure alumi- 
num pig. 

The presence of hard constituents, such as FeAU, CuAla, NiAla, etc., in aluminum 
alloys can be readily detected by relief polishing of sections, but etching is ordinarily 
necessary to reveal the internal structure. Various etching reagents are employed 
for distinguishing different constituents. Dilute sodium hydroxide in aqueous solu- 



Fia. 18.^ — Dark silicon and half tone constituent X in impure aluminum pig; 
unetched; XIOOO. (Dix.) 

tions (0.1 to 10 per cent) is used considerably as is dilute hydrofluoric acid for develop- 
ing structure. When etched with either of these reagents, the section is darkened, 
and the dark smudge is removed by dipping momentarily in concentrated chromic 
or nitric acid. An immersion of yi to 1 min. in 10 per cent hydrofluoric acid is suitable 
for aluminum sheet. Figure 19 shows the iricrostructure of hard-rolled aluminum 



Fig. 19. — Hard rolled aluminum sheet ; Fio. 20. — Aluminum sheet after annealing ; 

etched HF; XIOO. etched HF; X50. 


sheet, and Fig. 20 shows the same sheet after annealing. The usual impurities in 
aluminum are copper, iron, and silicon. In the amounts present, copper is in solid 
solution, iron forms the intermetallic compound FeAh, and silicon may occur as free 
silicon and as the constituent X (AlFeSi?). In aluminum alloys, copper forms the 
intermetallic compound CuAh, which is soluble in aluminum in the amount of 5 per 
cent at 640®C. and 3 per cent at 20®C. The binary 92:8 aluminum-copper alloy con- 
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sists of the aluminum-CuAl 2 solid solution plus the CuAU eutectic. Iron forms the 
compound FeAlj, which is apparently insoluble in aluminum in amounts over 0.15 
per cent. Magnesium forms the compounds MgiAls and MgsAl 2 ; magnesium is 
soluble in aluminum up to 11 per cent at 420^0. and 9.5 per cent at 150°C. With 
silicon, magnesium forms the compound MgsSi, which is found in duralumin. Manga- 
nese and nickel form the compounds MnAls and NiAls, which are but slightly soluble 
in aluminum. Zinc is soluble in aluminum in the amount of 18 per cent at 20®C. and 
35 per cent at 250°C. Most of the metallographic constituents can be identified by 
suitable etching reagents. 

Heat Treatment. — Both wrought and cast aluminum alloys are heat treated 
commercially, and a wide field has thus been opened. Worked aluminum is an- 
nealed, as are the alloys, for the purpose of softening, and some cast alloys are 
annealed to release casting strains. Aluminum-alloy pistons are annealed to over- 
come growth and distortion. That alloys of the duralumin type are heat treatable 
has been known since the investigations of Wilm in 1903, and the phenomena 
involved are common to many alloys. In a general way, the heat treatability 
of aluminum alloys is owing to the varying solubility of metallographic constitu- 
ents with temperature, c.^., CuAh in aluminum-copper alloys and duralumin and 
MgoiSi in duralumin. When such alloys are heated to moderately high tempera- 
ture, e.g.j 500®C., more of the constituents go into solution, and, when quenched, 
these constituents at first remain in .solution but on standing precipitate out in 
particles of very high dispersion. Consequently, hardening and strengthening 
ensue. 

Worked aluminum and aluminum alloys are softened by simple anneal at 350 to 
500“C., depending upon the amount of reduction and the time period of anneal. 
Certain cast aluminum alloys, e.g.^ 95:6 aluminum-copper alloy, arc suitable for 
quenching heat treatment, and this is now being employed somewhat in practice for 
enhancing the properties of sand castings. The strength of the rolled and annealed 
95:5 aluminum-copper alloy is increased from about 27,000 tt) 52,000 lb. per square 
inch by quenching and aging. W^hen diaralumin is quenched from about 500°C., it is 
soft and ductile, but on aging at the ordinary temperature for a few days the hardness 
and* strength increase markedly while the elongation falls o*ff. The aging may be 
accelerated by heating at 100 to 200°C. for 1 to 5 hrs. The heat treatment of duralu- 
min has been discussed by a number of workers, including Merica and his collaborators, 
Hanson,®^ Rosenhain"® et at., Konno,^® Knerr,®* and many others. Tlie hardening 
and strengthening on heat treatment is due to the precipitation of CuAU and MgsSi. 
In practice, heat treatment is applied principally to worked duralumin, and the heat- 
ing is carried out under careful pyrometric control in any suitable furnace. The quench- 
ing medium may be cold water, boiling water, or oil. Parts may be heated for 
quenching in a salt bath, i.e., a mixture of potassium and sodium nitrates. Since 
quenched duralumin is soft, the material may be quenched in water, then immediately 
worked to the required shape, and then allowed to age. Zinc duralumin is heat 
treatable, as is the 92.5:4: 1.5:2 aluminum-copper-magnesium-nickel alloy. Heat- 
treated duralumins have been used very largely in aircraft construction, but they 
are being employed to an increasing extent in the automotive industry and the 
general engineering trades. 

Soldering and Welding. — The soldering of aluminum and aluminum alloys 
has attracted a great deal of interest on the part of laymen, and many patents 
have been taken out for solders and soldering fiuxes purported to be suitable for 
joining aluminum and aluminum-alloy parts. Most of these are entirely useless. 
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Aluminum parts can be soldered together fairly easily, provided the proper pre- 
cautions are taken, but in all cases, irrespective of the solder employed, the joint 
is not permanent and fails after a short time on exposure to moisture or humid 
atmospheres. Joints fail because all the metals used in solders are electronega- 
tive to aluminum, and in the j)resencc of water galvanic couples are formed, so 
that disintegration takes place by electrolytic corrosion. Soldering should never 
be done if the joint is to be expost^d to moisture or if it must withstand stresses. 
Soldering may be regarded as satisfactory if it is desired simply ''to stick parts 
together and no permanence is required. While welding is the only method to 
be recommended for joining aluminum and aluminum-alloy parts where the 
joint is exposed to the weather or must be strong, still in practice it is often 
desired to solder, e.^., in repairing slight defects in castings or in making small 
repairs on aluminum parts. The essential features of soldering and welding are 
discussed briefly b(dow. 

The limitations of soldering aluminum and its alloys hav(‘ betui thoroughly dis- 
cussed, and soldering should certainly have very limited ai)phcation in aluminum 

work, and it never should ])p used for the asst^mbly of stnictures. Aluminum soldeTS 
usually consist of low-mcd ting-point alloys of zinc, tin, and aluminum, altho\igh many 
complex alloys hav(; been suggested, containing copper, lead, iron, bismuth’, antimony, 
and other miitals in addition. The function of metals other than zinc, tin, and alumi- 
num in a solder is not clear, and i)rar*tically any other added metal is of no use, if not 
harmful. Most commercial aluminum solders that are usc'ful contain 40 to 80 per 
cent tin, 10 to 50 per cent zinc, and 0 to 10 per ciuit aluminum, and the melting range 
is about 200 to .5(X)“(^ Their strength is (),()00 to 14,(X)() lb. per square inch and 
elongation 2 to 20 per cent. A iluctile solder is desuable, and the presence of copper or 
antimony, or excess of aluminum, which causes brittleness, is to be avoided. Nor- 
mally, the strength of soldered joints is not equal to the strength of the solder, and 
failure may occur through the solder and at the joint on breaking. 

While various fluxctts are recornmendiHl for soldering, these are quite unnecessary, 
and soldering may be conveniently carried out as follows: The surfaces to be soldered 
are carefully cleaniid with a file or emery paj^er, and are tlum “tinned” or coated with 
a layer of the solder by*lieating the surface and rubbing the solder into it. Tine jviint 
between the “tinned” surfaces is then made in the ordinary way wdth a soldering iron 
and the solder. In giving the preliminary coat of “tin ” to the surface, the solder may 
be rubbed in thoroughly wdth a wire scratch brush. Soldering may also be carried 
out by first electroplating the sui-facc.s, and the joint depends upon the firmness with 
which the electrodeposited metal adheres to the aluminum. Chopper plating is some- 
times used. Where soldering is done directly without electroplating, the effective- 
ness of the joint depends upon the adhesion between the aluminum and the initial 
layer of solder. 

As indicated, the applications of soldering to aluminum and its alloys are limited. 
Soldering should never be used for structural assembly, but it is useful for making 
repairs on defective castings in the foundry, e.g., in filling up small holes, blows, 
draws, etc. It should not be applied in building up large bosses or lugs, but is not 
dangerous for patching small defects that mar the appearance of an otherwise good 
casting. The bast solders are tin-zinc and tin-zinc-aluminum alloys; in the former, the 
(‘omposition is 15 to 50 per cent zinc and the remainder tin, and in the latter the 
composition is 5 to 12 per cent aluminum, 8 to 15 per cent zinc, and the remainder tin. 

Autogenous welding by an oxygas method is employed extensively in the aluminum 
industry for making joints of substantially pure aluminum and aluminum alloys, for 
the assembly of structures, and for making repairs and salvaging castings. Aluminum 
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sheet is welded in building up tanks and vessels for the chemical industry, and when 
sheets are joined, butt welding by the oxyacctylene or other oxygas process is suit- 
able except in very light gage sheet where the edges are lap or flange welded. The 
oxygas process of welding the light aluminum alloys causes actual alloying of the parts 
to be joined and the welding material, and a fairly solid alloy can be obtained at the 
juncture if proper precautions arc observed. In the assembly of structures, a number 
of methods, sucfi as riveting, folding, sewing, doweling, and the like, have been 
replaced by welding. . Autogenous welding consists in heating the two parts to be 
joined and then running liquid mctjil in at the juncture. In welding aluminum, it is 
useful to use an aluminum wire as the welding material, while for the light alloys a 
stic^k or rod of the same composition as the alloys is employed. In welding, the princi- 
pal difficulty encountered is the removal of the aluminum oxide from the surfaces to 
be joined and in praf’ticte this is accomplished by chemical (fluxes) or mechanical 
(puddling) means. Electric-resistance and electric-arc welding are used for aluminum 
and its alloys in addition to the oxygas process. 

Many salts and mixtures of salts have been suggested for welding fluxes, but a 
flux that will dissolve aluminum oxide is required. The most suitable fluxes are mix- 
tures of alkali fluorides and chlorides as patented by Scdioop.^ A good flux for weld- 
ing (consists of 0.124 lb. potassium carbonate, 0.33 lb. lithium fluoride, 2.53 lb. sodium 
chloride, and 3.0 lb. potassium chloride. While fluxes are generally used in welding 
aluminum, they are not favored in Aineri(!an j)racticc for repairing castings, and in 
such work the aluminum oxide film is broken down mechanically by a puddling rod. 
Oxy hydrogen and oxyac(‘tyleii(‘ welding is doiu.* on both aluminum and its alloys, and 
the former is probably preferable. Jn welding aluminum sheet, e.g.^ building tanks, 
butt welding is suitable and a feeder of aiuminum wire is used. The siirfaces to be 
joined are, heated, and the win; covered with flux is melt(‘d in the torch and run into 
placjc;, being puddl(;d down and smoothed off. Welding thin stock requires con- 
siderable skill. 

The rc]3air of aluminum-alloy castings is usually done by oxyaeteylene welding, 
using no flux and a welding slick of the sairu; composition as the castings. For small 
welds, the casting should b(‘ preheated with the torch over a cTmsiderable area in the 
vicinity of tin; spot to b(‘ weld(*d, but for large welds and even small welds on compli- 
cated pastings it is best to heat the entire casting to 300 to^450°(". in a preheater. 
The sto(;k in the vicinity of tla; place to be welded is melted down with the torch, and 
th(* hole so made is filled with liciuid alloy from the welding rod, also melted by the 
torch. The metal is then puddled and poked with an iron rod until a pool is formed 
which insures thorough alloying with the body of the casting. The operation should 
be conducted rapidly, and exc^ess alloy is scraped off while still pasty. Large castings 
should be cooled slowly in the furna<‘c or in hot ashes after welding to avoid cracking. 
Heat-treated duralumin parts are welded in aircraft assemblies, and such welds should 
be heat treated. 

Stamping, Pressing, Machining, and Finishing. — Aluminum and its light alloys 
are fabricated into various objects by stamping, pressing, drawing, and spinning. 
Considerable amounts of aluminum sheet are fabricated into cooking utensils by 
pressing, drawing, and spinning, and many small articles are made by light stamp- 
ing. In draw-press work, annealed aluminum sheet stock, usually circle forms, 
are drawn into hollow shapes, and these may subsequently be spun on lathes 
around a mandrel. Iron or wooden chucks are employed and the spinning speed 
is 1,500 to 2,500 r.p.m. or more. Intermediate annealing may be necessary for 
very heavy stamping and draw-press work. Aluminum and aluminum-alloy 
^ U. S. Patent 922523, May 25, 1909; English Patent 24283, Nov. 2, 1907; and other patents. 
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sheet is bent, shaped, and formed in making motor-car bodies, fenders, aircraft 
fuselages, and other structures, and the materials may be pressed in draw presses 
or hammered over fonns. In finishing aluminum and light alloy manufactures, 
parts may be polished, scratched, or colored. In polishing, the materials are 
first buffed on sewn rag buffs glued together to form wheels, and a fine abrasive is 
applied with oil. Final polishing is done with tripoli or special polishing powders 
on cotton-rag wheels. Aluminum may be given a frosted finish by scratching on 
a wheel made of fine wires. Dip finishes are given by immersing in 15 per cent 
sodium hydroxide in aqueous solution followed by washing in water, and then 
dipping in nitric acid; the part is then again washed and dried. Aluminum may 
be colored by special treatments with chemical reagents, giving bronze and other 
color effects to the surface. For painting, aluminum and its alloys are prepared 
by sand papering followed by sand blasting or by scratch brushing. 

Substantially pure aluminum does not machine well owing to its softness and 
toughness, and it drags and tears under cutting tools. Most of the useful light alloys, 
however, can be fairly readily machined. A lubricant is necessary and advisable for 
many operations. A few of the lubricants employed in American machine shops 
include crude oil, kerosent), soapy water, paraffin oil, mixtures of oils, such as 70 per 
cent kerosene and 80 per (;ent lard oil, and water-oil emulsions. Lubricants need not 
be used on roughing cuts unU‘ss very heavy, and kerosene is much employed for 
machining cuts. Machining speeds and feeds are very variable. In rough turning 
on cast aluminum alloys, the roughing-cut speed may be 400 to 700 ft. per minute 
under feeds of Vjo to ^{^2 in., depending upon the work; 500 ft. per minute is a fair 
roughing speed with l^-in. feed. In finish turning, the speed may be 125 to 175 ft. 
per minute and 140 ft. is a fair speed. In roughing, milling cutters may be run at 
3(K) r.p.m. and a feed of 14 in. per minute, removing in. of stock. For finishing, 
milling cutters may be rim at. 275 r.p.m. and a feed of 18 in. per minute, removing 
};i 2 in, of stock. In drill-press operations, on boring holes to ^ diameter, 
the drills may nin at 1,200 r.p.m. and a feed of 0.002 in. per revolution. Aluminum 
alloys can be finished nicely by grinding, c.^., for pistons; a No. 40 grain Crystolon 
wheel, in J or K grade is suitable, and the lubricant may be 10 per cent lard oil and 
90 per cent water. 

The cutting tools for machining aluminum and its alloys may be either ordinary 
high-carbon steel or high-spetid steel. Tools should be made very sharp and pointed 
and have large rfikes and clearances. In boring, the tool should be set just below the 
center of rotation of thcj work, and in turning, just above. In general, the speed 
should be as high as can be run with the work and alloy in hand, the limiting factors 
being the mode of holding the work and arranging it so as to withstand the cutting 
stresses without distortion. For turning, a lathe tool should have a top rake at an 
angle of 25 to 80 deg. to the right an<l about 15 deg. back. The forward or cutting 
corner should be well rounded to say about He-in* radius. The facie of the tool need 
not be ground willi a great deal of clearance, and this may be about 10 deg. with the 
vertical. In general, aluminum alloys can be cut at about four times the speed and 
twice the feed possible with mild steel. 

The electroplating of aluminum and its alloys is of some importance commercially, 
but not much success has so far been attained in electroplating the metal. The 
principal difficulty comes in securing a satisfactory deposit that will not strip or flake 
off. Moreover, it is necessary to remove the oxide film on aluminum before plating, 
and to overcome the deposition that takes place on immersion in a plating bath. 
There are very many patented processes for plating, but these cannot be considered 
here. A successful method for nickel plating is said to have been developed by Ledin, 
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which entails the following: The parts to be plated are first cleaned, then dipped in 
concentrated hydrochloric acid, then dipped in a cadmium chloride bath (made up of 
100 c.c. hydrochloric acid, 400 c.c. water, and 9 g. (;admium chloride), and then 
plated. The plating bath is made up to contain fiO g. nickel sulphate and 35 g. sodium 
citrate per liter of water, and deposition is made with current density of amp. per 
square decimctc^. 

Selected Bibliography. — The technical and scientific literature relating to 
aluminum and aluminum alloys is very extensive, and many papers have been 
published recently dealing, in particular, with the metallurgy of the alloys. 
A comprehensive text book on the subject has been prepared by the writer, 
there are several old texts dealing with the metal, and several short books 
dealing with certain aspects of the subject have appeared in recent years. An 
excellent short summary on aluminum and its alloys is given in Cite, 76 of the 
U. S. Bureau of Standards. A review of the aluminum industry is published 
annually in Mineral Resources of the United States” by the U. 8. Geological 
Survey. For many years, the late lamented Dr. J. W. Richards contributed 
the chapter on aluminum to “The Mineral Industry,” published annually by the 
McGraw-Hill Book Co., Inc., and this has been continued since his death by the 
present writer. These reviews are of interest in reflecting the yearly develop- 
ments in the industry and give current information on aluminum, aluminum 
alloys, and bauxite, as w(41 as many references. Valuable information on the 
rnetal and its alloys is to be found, particularly in the Journal of the Institute of 
Metals, Revue dr r Aluminium, Rhme dc Metallurgic, Zeitschrift fur Metallkunde, 
the Tramneiions of the American Foundrymen’s Association, and the Transactions 
of the A. I. M. M. E. In the United States, reports of investigations on aluminum 
and aluminum alloys are issued periodically by the U. 8. Bureau of Mines and the 
U. S. Bureau of Standards. In England, the reports by the Alloys Research 
Committee of the Institution of Mechanical Engine(^rs,* emanating from the 
National Physical Laboratory (Teddington), are most valuable. 

• • • 

Several extensive bibliographies on aluminum and aluminum alloys have been 
published, and following arc a few scleeted rcf(jrcnc(^s to some of (,hc more important 
publications on the subject. These will serve as a guide to the literature. 

Textbooks 

1 Deville, H. 8t. C. : “De Talu minium, Ics proprieti^;s, sa fabrication, et ses applica- 
tions,” Mallet-Bac holier, Paris, 1S.59. 

* Miehzinski, S.: ^'Die Fabrication dcs Aluminiums und der Alkalimetalle,” 

A. Hartleben, Leipzig, 1S8.5. ' 

^ Richards, J. W. : “Aluminium: Its History, Occurrence, Pioperties, Metallurgy and 
Applications, Including Its Alloys,” 3rd. ed., II. C. Baird <fe Co., Philadelphia, 
1896. 

* Minet, a.: “Die Gewinnung dcs Aluminiums und dessen Bedcutung ftir Handel 

und Industrie,” Wilhelm Knapp, Halle, 1902; translated by L. Waldo, John Wiley 
& Sons, New York, 1905. 

® WiNTELER, F.; “Die Ahiminium-Industric,” Friedrich Vieweg und Sohn, Braun- 
schweig, 1903. 

* Krause, H.: “Das Aluminium und seine Legierungen,” A. Hartleben, Leipzig, 1914.' 
^Escard, j.: “L’aluminium dans Tindustrie,” H. Dunod and E. Pinat, Paris, 1918. 
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«Patti 80 N, J. T.: “The Manufacture of Aluminium,” E. and F. M. Spon, Ltd., 
London, 1918. 

* Anonymous., “Aluminum and Its Light Alloys,” U. S, Bureau Standards Circ. 76, 
April, 1919. 

Little, H. F. V. : “Aluminum and Its Congeners, Including the Rare Earth Metals,” 
(Vol. 4 of J. N. Friend's textbook of inorganic chemistry), J. B. Lippincott Co., 
Philadelphia, 1919. * 

'' i)E Fleury, R. and Labruyere, 11.: “Les emplois dc ralurniniurn dans la construc- 
tion des machines,” H. Dunod and E. Pinat, Paris, 1919. 

Mortimer, G.: “Aluminium,” Isaac Pitman & Sons, London, 1920. 

1* Grard, C. : “L'alumiiiium ct ses alliages,” Berger-Lovrault, Paris, 1920, trans- 
lated by C. M. and II. C. L. Phillips, D. Van Nostrand Co., New York, 1922. 

1* Hiller, H.: “Laboratoriumsbuch fiir die Tonerde- und Aluminiumindustrie,” 
Wilhelm Knapp, Halle, 1922, 32 pp. 

1® Krause, H.; “Das Ahiminiiim und seine Legierungon.” Band 1: Die Herstollung 
und die Eigcnschaften des Aluminiums und seine Logieningen, 235+ i)p.; Band 11: 
Die Verbeitung und Verwendung des Aluminiums und seint^ Legicrungen, 228 + 
pp., A. Hartlebcn’s Verlag, Wien, 1923. 

i" Berg, H.: “Aluminium und Aluminium-Tjc^gierungen,” 11. BecOiold Verlag, Frank- 
furt n. M., 1924, 81 pp. 

Mellor, j. W.: “A C Comprehensive Treatise on Inorganic and Theoreticial Chem- 
istry,” Vol. V, Longmans Green and Co., London, 1924. ((>)ntains a section 
on aluminum.) 

Anderson, R. J.: “The Metallurgy of Aluminum and Aluminum Alloys,” Henry 
Carey Baird and Co., Inc., New York, 1925, 913 j)]). (A eomy^rehensive treatist; 
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CHAPTER XX 


METALLURGY OF MAGNESIUM AND MAGNESIUM ALLOYS 

By Robeiit J. Anderson, ^ B. Sc., Met. E., D. Sc. 

Introductory. — Magnesium is the leading member of the alkali-earth division 
of the second group and is the lightest metal now employed for engineering pur- 
poses of construction. Its specific gravity is 1.74. The technical metallurgy of 
magnesium is similar to that of aluminum, and cheap electric power is necessary 
to its commercial production. Magnesium was little known and used in the 
United States prior to 1914, and important production of the metal began here in 
1915 when imports, which came largely from Germany, were cut off. While 
actual consumption of magnesium and its alloys for engineering purposes has so 
far been small, development in the production of castings and wrought shapes has 
been very rapid in the past few years, and with sufficient reduction in price a 
greatly increased use of the metal and its light alloys may be expected. In 
Germany, magnesium has assumed first-rate imi)ortance, being a competitor 
of aluminum in several lines. While drmestic production w^as substantial during 
the period 1915 to 1919, the industry slumped markedly during the years 1920 to 
1922 inclusive. In the past three years, inoduetion has again gradually increased 
owing to gradually increased use of the metal and its alloys in the engineering 
field. Eventually, the magnesium industry in all producing countries is expected 
to develop along the same lines as the aluminum industry 

Historical Survey. — In 180X, Davy first made magnesium by the reduction of 
magnesium oxide with potassium vapor and also by the electrolysis of anhydrous 
magnesium chloride, but the metal obtained was very impure. In 1830, Bussy 
made magnesium by reduction of anhydrous magnesium chloride with potassium, 
and in 1852 Bunsen prepared it by electrolysis of the anhydrous chloride in a 
porcelain crucible using carbon anode and cathode. In 1856, Matthiessen pro- 
duced the metal by electrolysis of a liquid (fused) mixture of magnesium chloride 
and potassium chloride (4:3) plus a little ammonium chloride. The first indus- 
trial production was undertaken in France by l^eville and Caron in 1863. Their 
process entailed reduction of a mixture of anhydrous magnesium chloride and 
calcium fluoride by metallic sodium, using closed iron crucibles as the containing 
vessels. Deville showed also at this time that magnesium could be distilled in an 
atmosphere of hydrogen, and he prepared very pure metal by this process. 

Later, Sonstadt introduced improvements in the Deville-Caron process, whereby 
the metal was made by reduction of a mixture of magnesium chloride and sodium 
chloride with sodium in iron retorts, followed by distillation of the resulting impure 
metal. In 1885, von Piittner produced magnesium by a proce^ss closely resembling 
zinc retorting. In the process, a magnesium mineral (c.^., magnesite) is first converted 
to the oxide, and this is reduced by carbon in heated retorts, the reduced magnesium 
t Consulting Metallurgical Engineer, Cleveland, Ohio. ' 
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distilling and being condensed. A number of patents were taken out after 1880 for 
processes specifying electrolysis of magnesium salts, both aqueous and fused, and for 
the reduction of magnesium (compounds to metal by carbon, aluminum, etc., but these 
cannot be considered here. In the ordinary electrolytic process which was developed 
in Germany and which supplanted Sonstadt’s method, an anhydrous fused electrolyte 
having the composition MgCl 2 .KCl.NaCl (or other mixture of the three chlorides) 
is elecitrolyzed in iron (rells using carbon anodes, the iron of the <?ells forming the 
cathode. In this process, the magnesium is dissociated by the current, float/S on top 
of th(^ bath, and is ladled olf. This was the principal process employed in Germany 
prior to the war, and tin; same process or a modification thereof is now employed by 
several producers. In more nK*eni years, a process calling for the electrolysis of mag- 
nesium oxide dissolved in a fluoride bath has been developed; this is analogous to the 
Ilall-Hcroult pro(;ess for the production of aluminum. 

Producers and Output. — The world’s magnesium industry is small, and the 
total output probably never exceeded 5,000,000 lb. per annum, although statis- 
tics as to foreign production have never been made available. As indicated 
domestic production was the dhec.t result of the war, and magnesium had not 
been used in the United States prior to 1914 except for photographic flashlights 
and for experimental purpos(*s. Magnesium was first made in the United States 
by a company in Boston, Mass., using the Sonstadt method, but the amount 
produced was not large. This comi)any apparently was in existence over the 
period hSOS to 1S92. JlohuTing to more recent yciars and to (|uantity production 
by modern methods, the first American production was probably by the CunnilT 
brothers (the Rumford Metal Co.) at Rumford Kalis, Maine, in 1914-1015, 
and in 1915 production b(^gan on a fairly large scale in the United States, France, 
and England. Among former prodiuu'rs in the United States may be mentioned 
the Electric Reduction Co., Washington, Pa.; the General Electric Co., Schenec- 
tady, N. Y.; the Noi;ton Laboratories Co., Lockport, N. Y.; and the Aviation 
Materials Co., Niagara Falls, N. Y. 

At the present time,* the domestic producers of magnesium and magnesiujri ahoys 
arc the Dow Chemical ( V)., Midland, Mich., and the American Magnesium Corpora- 
tion ( a subsidiary of the Aluminum of America), Niagara Falls, N. Y. Magne- 
sium lijis been made in Canada l).y the Shawinigan Electro- Metals Co., Ltd , Shawinigan 
Falls, P. Q. Th(» English ])roducer is the Magnesium C^o., of Wolverhampton, while 
production in Germany is (jontrolled by the Chemische Fabrik Grieshcim-Elektron. 
In 1921, th(' Aktieselskabet ile Norskc' Saltverker started the oreiition of a factory at 
Fjotlandsvaag, Norway. Ihiring the war, production was undertaken in France by 
the Society d’Klectrochimie id. d’lClectroin(5tallurgic at Clavaux (ls6re). There has, 
of course, been small and sporadic production of magnesium in most consuming 
countries for many years, but the principal producer has been Germany. 

Table 1 gives the domestn! production over the period 1915 to 1924, and imports 
over the period 191 S to 1924 are shown in Talilc 2. Prior to the war, domestic imports 
were at the rate of 115,000 lb. per annum; exports have been negligible. 



Markets and Prices.-— Since magnesium is relatively new commercially, its 
marketing has been, except in Germany, more in the direction of introductory 
selling. The market for the metal has been strictly limited owing to the high 
price, but a general schedule of prices for various forms has been drawn up. 
In 1883, the price of magnesium in Europe was about $32 per pound, while in 
1902 it had dropped to about $3. The price in the United States before the war 
was about $1.45, but during the war it rose to as high as $10, while now (1925) it 
has been quoted as low as 75 cts. per lb. in ton lots for pig (cf. also Table 1). In 
Germany, the price has been under 40 cts. recently, and the metal consecjuently is 
a strong competitor for aluminum. The present import duty into the United 
States on metallic magnesium and magnesium scrap is 40 cts. per pound, and on 
magnesium alloys, powder, sheet, wire, ribbon, and other manufactures is if) cts. 
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per pound on the magnesium content and 20 per cent ad valorem. At present, 
magnesium-base alloy castings cost $2 to $4 per lb. depending on the size and 
design. Colby^-* discusses* the prices of various commercial forms of magnesium. 
It should be pointed out that transportation rates on the metal are high, double 
first class being the tariff. One domestic producer looks for 50 ct. metal in 
the future. • 

Magnesium Sources, Ores, and Minerals. — The ores, or raw materials, for 
the production of magnesium are extremely abundant, and magnesium is fifth 
in abundance of the metals in the earth following silicon, aluminum, iron, and 
calcium in the order named. Magnesium constitutes 2.24 per cent of the earth’s 
crust (Clarke). Unlike aluminum-mineral deposits which are found only fairly 
frequently in suitable composition and tonnage for the production of aluminum 
by electrolytic processes, magnesium deposits, notably magnesite and dolomite, 
occur in large amounts, widely distributed, and of suitable (juality for magnesium 
production. Magnesium salts, notably the chloride, double chlorides, and sul- 
phate, are found in salt beds, and are constituents of saline springs, salt lakes, 
and the ocean. 

Magnesium is never found native. Some important magnesium minerals include 
magnesite (Mg(X)3), dolomite ((Mg('a)C03), kicseritc (MgS04.H20), kainitc 
(MgSOi.KCl.tillaO), carnallilo (MgCh.KCl.GllaO), brucite (Mg(C)}I)2), spinel 
(MgAhOd, serpentine (H4Mg8Si2().,), and talc (Jl2Mg.iSi40j2). In igneous rocks, 
magnesium is represent(‘-d by amphiboles, micas, pyroxenes, and olivine. Talc, 
chlorit(;, and serpentine an*, (;oiniiion magnesium silicates, and dolomite is frequently 
found in enormous mountain masses. Magnesitt' is mined in Australia, Austria, 
Hungary, Czecho-Slovakia, British India, Canada, (’lr(‘ece, Italy, Spain, South 
Africa, and in the Pacific (;oast states of California and Washington, U. S. A. Dolo- 
mite is mined in California, CVilorado, Illinois, Ohio, Pennsylvania, and West Virginia, 
and various foreign countries. The sulphate (MgS() 4 . 7 H 20 ) is one of the principal 
saline constituents of many springs. There is a pei'uliar d(‘posit of pure magnesium 
sulphate at Bastpn*, and this salt is olitained commercially from a dry-lake 

deposit rn^ar Oroville, Wash., and from the bitterns of certain Californian salt works. 
On the rain-protected cliffs at Korpklint, in Gottland, 0(;cur chalk-white efflorescences 
of magnesium sulphate, apfiarently exuded from the rocks. 

In oceanic salts, magnesium chloride makes up about 11 per cent of the total salt 
content, and 0(;eanic water contains about one-eighth per (lent magnesium. Magne- 
sium-bearing bitterns are found at San Mateo, Cal.; Syracuse, N. Y.; Pomeroy, Ohio; 
Hartford, W. Va.; in the Saginaw Valley of Michigan, notably at Midland; in Colom- 
bia; in Germany; and elsewhere. '^l''h(? magnesium content of some inland salt lakes is 
liigh, notably Great Salt Lake, Utah, which contains 0.56 per cent magnesium. 
Houghton Lake, at Dana, vSaskatchewan, is underlain by a 1 -ft. thick layer of salts, 
chiefly magneiiium sulphate and sodium sulphate. The principal and most famous 
salt-bed deposits containing magnesium minerals are the great Stassfurt salt beds 
in Germany (Magdeburg-Halberstadt region). The principal magnesium-bearing 
minerals of the>8e beds are carnallite (MgCl2.KCl.6H2O), bischofite (MgCl2.6H20), 
and tachydrite (2MgCl2.C^aCl2.12H20). Magnesium-bearing salt beds also occur in 
Spain and Alsace. 

While minerals and oiHis of magnesium are abundant, in practice raw materials for 
production of the metal are obtained from only a few sources. These are: anhydrous 
^ TWruughovit this chapter reference numbers apply to api)ended bibUugraphy except in the ease of 
obvious footnotes. 
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sodium magnesium chloride, left after extraction of salt and bromine from brines at 
Midland, Mich.; carnallite from Sta^furt; magnesite (notably from California); 
and magnesium carbonate, precipitated from dolomite. Magnesium has been made 
experimentally from magnesium chloride obtained from sea water, and some producers 
have employed the chloride obtained by chlorination of the oxide. Except for about 
two years, the supply of magnesium chloride in the by-product bitterns from the solar 
evaporation of salt along the shores of Great Salt Lake and the Californian coast has 
practically all been discarded. Bitterns made fnjm sea water at various points around 
San Francisco Bay, California, carry 2.3 to 8.6 per cent magnesium. Magnesium 
chloride is a by-product of the preparation of magnesium salts in Germany and can 
be made very cheaply there. The magnesium content of magnesite averages 26 per 
cent and that of carnallite 8 per cent. 

Production of Magnesium. — Many processes for the production of magnesium 
have been patented, suggested, or actually used commercially. All these cannot 
be taken up here, but the following type processes may be mentioned: (1) reduc- 
tion of magnesium compounds by a metal, e.g.y reduction of anhydrous fused 
magnesium chloride with sodium, or of magnesium oxide with aluminum; (2) 
reduction of magnesium compounds by carbon, c.g., magnesium oxide, followed 
by sublimation and condensation of the metal in a manner similar to zinc retorting; 
(3) electrolysis of anhydrous magnesium chloride or a mixture of magnesium 
chloride and another chloride (sodium or potassium chloride, or both) in the fused 
condition; (4) electrolysis of magnesium oxide dissolved in a suitable fused bath, 
e.g.j in magnesium fluoride, in a manner similar to the Hall-H4roult aluminum 
process; (5) electrolysis of aejneous solutions of magnesium salts; (6) electrolysis 
of magnesium sulphide in a suitable fused bath. 

The first process, i.e.j redu(*tion of magnesium chloride by sodium, has been used 
commercially, but it is quite out of the question for coramenual produ(!tion now, 
involving as it does the use of electrolytic sodium. The second process, involving 
carbon reduction, has been used commercially and is a sound method, although not now 
employed. The third process, ?.c., electrolysis of fused salf mixtures high in anhy- 
drous magnesium (diloride, is the usual one employed at the present time, and this 
process is used by the Dow (Chemical Co., the C^hernische Fabrik Griesheim-Elektron, 
and the Magnesium Co. The fourth process is analogous to the present aluminum 
reduction process and has been developed and employed by the Amcri(?an Magnesium 
Corporation. The fifth process is technically unsound because of the high elefitrolytic- 
solution pressure of the metal (E/, = -f-L 55 volts). The sixth process is feasible but 
has not been used commercially. 

At the present time magnesium is made by two different processes, viz. (1) electroly- 
sis of anhydrous magnesium chloride in admixture with |K3tassium chloride or 
sodium chloride, and (2) electrolysis of magnesium oxide dissolved in a fused bath of 
magnesium fluoride (plus other added salts). The production of magnesium has been 
described in published papers by l\ieker and Jouard,* Grosvenor,^ Phalen,^® Flusin,^^ 
Allen, Boyton and his co-workers, Fedotieff,^^ Miyake and Butts,** Harvey,*® 
and others, and in many patents, e.g.j those of Ashcroft, Seward, Backer, and Harvey 
{vide below). 

Magnesium Chloride Process.— The magnesium chloride process for the 
production of metallic magnesium involves three steps, viz.j (1) preparation of 
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anhydrous magnesium chloride as such or in admixture with alkali chlorides; 
(2) electrolysis of the magnesium chloride in a cell at low voltage; and (3) purifica- 
tion of the resulting metal. In employing hydrous magnesium chloride as 
the raw material, the water must first be removed, and it should be stated 
at the outset that the anhydrous salt cannot be produced directly by heating 
the hydrous material. • 

When aqueous solutions of magnesium (jhloridc an' evaporated and crystallized 
the salt obtained is MgCl 2 .r)Il 20 . If this salt is heated, it melts in its water of crys- 
tallization, and the reaction 

MgCb.OHzO-^MKC) -1- 2UC\ + fiHaO 

takes place, so that the final product is magnesium oxide. The complete dehydration 
of hydrous magnesium chloride has been made the subject of many patents, and the 
usual methods employed entail heating the crystallized MgCl-i.GH^O in admixture 
with alkali chlorides or in a current of chlorine or hydrochloric acid gas. Thus, in a 
process of the Dow C’hernical Ck)., the hydrous chloride is first heated’” at low tempera- 
ture in admixture with 25 i)cr cent sodium chloride plus a small amount of ammonium 
chloride, whereby about 50 per cent of the water is driven off. The partly dried mix is 
then cooled and reheated at higher temperature until the remaining water is removed. 
In the pro(!ess of the Magnesium Co., the hydrous (diloride is heated’® for several 
hours at 150®('. in dry air; part of the water is driven off, yielding a product of the 
composition 73 per (?ent MgC’l j, -1 per cent MgO, and 23 per cent H 2 (). This material 
is then reheated in a current of hydrochloric acid gas at 300"C-., whereby the remaining 
water is removed, tlie magnesia- converted to magnesium chloride, and a product con- 
taining 99+ per cimt of magnesium chloride obtained. Recovery of chlorine is made 
in the Dow process and of hydrochloric ficid in the process of the Magnesium Co. In all 
protjossos devised for the production of anhydrous magnesium chloride, the object in 
view is to prevent conversion of the chloride to oxide on heating. Bailey and Foster’ 
have patented a process for making anhydrous magnesium chloride in whicdi magne- 
sium carbonate, or oxide, is chlorinated in the presence of carbon, and similar proc- 
esses have been patontc'd by Ashcroft’’ and b^" the Akties(*lskabet de Norske SaltvcTkcr.® 
A process for the pn'jiaration of magnesium chloride' from dolomite has been patented 
by Barstow^ and one for the recovery of the salt from brines by Dow and Barstow.® 
Other patents for th(‘ preparation of anhydrous magnesium chloride include those of 
Bull,® Namari,’’ Collings and (hum,® and Ooldschrnidt.® 

After preparing anhydrous magnesium chloride or a suitable mixture of this salt 
with alkali chlorides, the mat(*rial is elc(;trolyzed at 675 to 725°(^ in a suitable cell. 
Although the dei^omposition voltage of magiu'shun chloride is only 3.25 volts, about 
5 to 8 volts are required in practice. In the process, anhydrous magnesium chloride 
is added to the bath from time' to time as ehu'trolysis proceeds in order to keep the bath 
within the required working limits of composition. Where renewal of the magnesium 
chloride is not made, a batch jirocess results, and it is preferable to make the operation 
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continuous. Various types of cells are employed. In a single-stage operation tke cell 
is a cylindrical or rectangular iron box having carbon anodes, the iron of the cell 
serving as the cathode. In some cells, a cathode of steel may be suspended in the 
bath. The cell is heated externally in starting the process, but after electrolysis begins 
no further external heating is necessary, since the imposed current serves both for 
electrolytic dissociation of the salt and for maintaining the temperature of the bath. 
During electrolysis the metal collects at the surface of the cathode in the form of small 
globules; these gradually grow larger with further deposition of metal and finally 
detach from the electrode, rising to the surface, where they float. The chlorine is lib- 
erated at the anode and is swept out of the cell and recovered. The magnesium is 
ladled out of the cell from time to time and cast into crude ingots, or is ladled directly 
into iron pots for purifying. The metal is fluxed in the pots with fused sodium magne- 
sium chloride and cast into ingots or sticks. A small cell taking a lOO-lb. charge yields 



Fiq. 1. — Cell for njiimicsium i»roductioii from magnesium chloride. (Hideal.) 

26 to 28 lb. of metal per 24 hr. Figure 1 shows a form of cell which a porcelain hood 
is placed in the bath to keep the floating magnesium from contact with the anodically 
separated chlorine. In this cell, nitrogen or carbon dioxide is used to sweep out any 
chlorine that may penetrate to the cathode compartment. The chlorine from the 
anode is aspirated through the pipe shown and recovered. 

The Magnesium Co., of Wolverhampton, England, employs^® a two-stage process 
in order to avoid the use of a diaphram or partitioned cell. The cell is of cast steel 
with a fire-brick lining, fitted with a gas-tight cover carrying graphite anodes and 
means for outlet of the chlorine. The cell is charged with liquid lead for the cathode, 
and this is covered with the eIectrolj’’te into which the anodes dip. Means are pro- 
vided for circulating both the bath and the lead cathode. The cell has capacity of 
5,000 amp. at current density of 1,500 amp. per square foot with voltage drop of 6 at 
the terminals. The cell is self-heating and produces about 100 lb. of magnesium per 24 
hr. as a lead-magnesium alloy, with current efficiency of 85 per cent. The first 
operation is the electrolysis of the magnesium chloride electrolyte so as to produce a 
magnesium-lead alloy at the cathode, and in the second stage this alloy acts as the 
anode in another cell and the cathode consists of a large number of steel rods immersed 
in the magnesium chloride electrolyte. The second cell is operated in series with the 
first at 5,000 amp. and a voltage of 2. The total energy consumption is 8.5 kw.-hr. per 
pound of magnesium produced. The chlorine is aspirated from the cells to scrubbing 
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towers and absorbed in milk of magnesia with the formation of magnesium chloride 
and chlorate, with subsequent recovery of the chlorate as KClOj; the magnesium 
chloride is returned to the process. 

Various patents have been taken out for the production of magnesium by the elec- 
trolysis of magnesium chloride, particularly by Ashcroft,^ Hutchinson,^ and Backer.* 
Dantsigen^ specifies the electrolysis of a mixture of magnesium chloride and potassium 
chloride plus calcium fluoride in a cell, using carbon anodes and sfierardized iron, 
copper-coated iron, or tin-coated iron for the cathodes. In a patent by Seward and 
von Ktigelgen, ® a process is specified for the electrolysis of the mixed chlorides over a 
bath of tin or copper as the cathode. In a patent by Iwahashi and Kishimoto,* an 
alternating current of suitable current density is passed into magnesium chloride in a 
cell using graphite or carbon as anode and iron as cathode; the water in the chloride is 
evaporated, and the salt said to be fused without decomposition; after the fused salt 
ceases to bubble, it is electrolyzed by direct current. 

Magnesium Oxide Process. — A procoss for the production of magnesium that 
is analogous to the Hall-H6roult process for the reduction of aluminum has been 
patented by Seward^ and by Harvey* and is used by the American Magnesium 
Corporation. In this process, substantially pure magnesia (MgO) is dissolved in 
a liquid (fused) electrolyte, consisting of about equal parts of magnesium fluoride 
and barium fluoride plus suflituent sodium fluoride to give the required fluidity, 
and electrolyzed. The magnesia is pr(q)ared by the calcination of magnesite 
obtained from the Pacific coast and sliipped to the works at Niagara Falls, N. Y. 
(In an older patent by Seward and von Kugelgen,® a process was patented for 
the production of aluminum-magnesium alloys by electrolyzing magnesium oxide 
dissolved in magnesium fluoride plus lithium fluoride, using liquid aluminum as 
the cathode.) The magnesium-oxide process is discussed by Harvey.*® 

The cell or furnace used in the magnesium oxide process may be conveniently 
described by roforenco to I'iga. 2 and 3. The former sliows a transverse section of 
the furnace and the lattcy is a plan. In the figures, 1 is a wroiight-ii*on vessel supported 
on blocks 2, and 3 represents the solidified portion of the bath 4. The cathodes are 
represented by 5, which (consist of ii*on or ste(4 eastings extending longitudinally 
through the furnace and projecting through apertures 6 in the bottom. A layer of 
asbestos 20 is placed between the cathodes and the furnace shell. The anodes are 
shown at 9, and the^e are of grai)hitc or carbon, suspended in the bath. A layer of 
magnesium oxide 10 is maintained on top of the bath as a source of raw material. 
Cooling pipci? 11 are arranged between the cathodes and anodes so as to cause solidifi- 
cation of a portion of the bath to form vertical partitions of insulating material. 
Hoods or collecting chambers are shown at 12 receiving the liquid magnesium which 
ascends from the cathodes: these chambers arc made of cast or sheet-metal casings 13 
placed near the surface of the bath and suitably cooled. They are shown as supported 
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from the upper edges of the side walls of the furnace shell 1. The inner wall 14 of each 
hood is situated sufficiently close to the cooling pipes 11 so that the mass of solidified 
salts extends to the wall 14 and seals the spac^ between the wall and the pipes. The 
liquid metal collected in the hoods or chambers may be drawn off continuously or 



Fin. 2. ' MaRneaium reduction furnace. (Seward.) 


tapped intermittently from tap hfdes 16. The ciathodes 5 are formed with shoulders 
17 for receiving the weiglit of the furnac^e, and have flat bottoms 18 which rest on fiat 
copper bus bars 19. Th(‘ anod(\s are carri(*d by rods 21 and fastened to bus bars 22. 
In operation of the process, the bath is maintained at about 950°C. and its specific 
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Fio. 3. — Plan of maKnesium-roduction fnrnjKic. (Seward.) 


gravity at alx)ut 3.2. The magnesium oxide is added to the bath around the anodes at 
frequent intervals. The current may be 9,000 to 13,000 amperes at an e.m.f. of 9 to 10 
volts. The average current efficiency may lie taken as 50 per cent with a power 
efficiency of 40 per cent. The dissociated oxygen burns at the carbon anodes, the 
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magnesium is liberated at the cathodes and rises into the collecting chambers from 
which it is removed. The metal is refined by remelting with a flux, and specially 
pure metal is prepared by volatilizing the crude magnesium and condensing it.' 

Magnesium oxide is only slightly soluble in the fluoride bath — ^in which respect it 
differs considerably from aluminum oxide — the solubility being only about 0.1 percent. 
Strictly speaking, therefore, the process is probably not a direct ejectrolysis of the 
oxide. It has been suggested that the mechanism is as follows; 

MgF 2 = Mg + F2 
MgO + F2 = MgF-i + () 

+ o = CO 

Commercial Forms of Magnesium. — Substantially pure magnesium is sup- 
plied to the trade in the form of sticks, ingots, blocks, rods, bars, tubes, sheets, 
plate, wire, powder, foil, and ribbon. Powder is made 40 to 200 mesh, depending 
upon rc(iuirements. For deoxidizing, the metal is furnished as sticks or in the 
form of extruded ingot with diameter of about 1 \i in. Flash light powder usually 
runs 100 to 150 mesh, while powder for signal lights in marine and military work 
is usually 50 mesh. Sho(it and plate are available from % in. thi(!k up to No. 
30 B. & S. gage, while rod is produced from % to \]i in. Tubing is made up 
to 1% in. outside diameter, and wire is furnished from No. 30 to No. 00 B. & S. 
gage. Kibbon is usually made >s-in. wdde by 0.000-in. thick. Sand and perma- 
nent-mold castings are made in both magnesium and its light alloys. The usual 
grades of stick and ingot metal are as follow's: No. 0, containing 99.99 per cent 
Mg minimum; No. 1, containing 99.85 per cent Mg; and No. 2, containing 99.00 
per cent. The first mentioned is for special purposes, the second for casting alloys 
and structural uses, and the third for deoxidizing. 

Chemical Properties of Magnesium. -- Certain information published on 
the chemical and physical properties of magnesium is unreliable, since it has been 
based on determinations and observations made on metal containing appreciable 
amounts of impurities. The impurities in magnesium may be divided into two 
classes, viz.^ metallic rfnd non-metallic. The former include aluminum, bf4,rkim, 
calcium, copper, iron, silicon, sodium, and potassium. The non-metallic impu- 
rities are usually salts of magnesium such as the oxide and chloride, and chlorides 
of calcium, potassium, and sodium, as well as occluded bath material and carbon. 
The bulk of the non-metallic impurities may be eliminated frgin the reduction- 
cell metal by a remelting operation. 

I\ire magnesium (99.99 -|- per cent) is a silveiy-white metal. It consists of three 
isotopes of masses 24, 25, and 26, in the relative amounts of 7:1:1, yielding a mean 
atomic weight of 24.336, as compared with the chemical value of 24.32. Magnesium 
is a basic element and forms salts with mineral and many organic acids. The metal 
does not oxidize in dry air, but when exposed to moist air it loses its silvery luster 

1 One of the problems of this process is to produce a pure magnesium oxide, since the electrolyte 
will be contaminated by the proKressivc building; up of any impurities in the added MgO C E. 
Dolbear claims a cyehe process for the production of the pure oxide, based on; (1) boiling impure iiiag- 
nesiuni oxide with ainnioniuiii sulphate, the magnesia going into solution; (2) passing the liberated 
ammonia into cold pure magnesium sulphate solution. 

MgO + (NllilaSOi 4- UQ •= MgS 04 + 2NHi + aq (hot) 

MgSOi + 2 NH 3 + aq « Mg(OH )2 + -f- nq (cold) 

The reaction is said to be applicable to rnagiiesiuin carbonate also 
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and becomes coated with a film of the oxide and possibly carbonate (and hydrate)' 
Magnesium reduces most oxides, liberating the corresponding metal or non-metal. 
Magnesium has high heat of combustion, the heat of formation of magnesium oxide 
(MgO) being about 146,000 cal. per gram-atom. The molecular heat of formation 
of AI2O3 is about 386,000 cal., or about 128,700 cal. per gram-atom. The explosibility 
of magnesium dust is high, being about 114 as compared with 100 for standard Pitts- 
burgh coal dus#. The metal (particularly in powder or ribbon form) burns (easily 
in air and with an intense white light, very rich in actinic rays. This property makes 
magnesium valuable in photographic work for fijishlights. l^he spectrum of burning 
magnesium more nearly resembles that of the sun than any other element. Magne- 
sium does not burn directly in the air to oxide, but is converted first to the nitride, 
which then burns to the oxide. The reaction is accompanied by a faint yellow glow, 
followed by the peculiar incandescence and white light. Massive magnesium does 
not readily burn in air except at temperatures far above the melting point. 

Dilute acids dissolve the metal rapidly, with violent evolution of hydrogen. 
Caustic alkali solutions have no action, but hot aqueous solutions of ammonium salts 
attack it. Strong sulphuric acid acts slowly on magnesium, and mixed acid (sulphuric^ 
plus nitric) has slow action at the ordinary temperature. At 20°C. water does not 
attack the metal, but at 100°C. water is slowly decomposed with the formation of 
magnesium oxide and hydrogen. The action on hot water is thought to be due to 
galvanic action between the metal and the impurity iron tht'rein. Magnesium unites 
with nitrogen below the melting point to form magnesium nitride (MgsNj) and 
phosphorus reacts with it to form the phosphide (MgaPg). With boron it forms the 
boride, (MgsBa), and it reacts with carl)on to form the (‘arbides (MgCl2 and MgjCj). 
The metal reacts with hyilrocarbon gases to form these carbides, setting free hydrogen. 
It does not react with h3'drog(m but can be distilled in an atmosphere of this 
gas. In general, magnesium resists the attack of alkalies and hydrofluoric acid, but is 
attacked by saline solutions and most acids. The chemical reactions of the metal 
with numerous substances arc given in the handbook of the American Magnesium 
Ck)rpo ration.®® 


Corrosion. — The information given above as to the action of chemical reagents 
on rftingncsium is sugg(;stive in dcitermiiiing the corrodibility of the metal and its 
alloys. Magnesium and its alloys are more corrodibh; than aluminum and alumi- 
num alloys when exposed to the ordinary corrosive agents. Some brands of 
magnesium containing as little as 06 per cent Mg have been placed on the market, 
and these brands have been high in occluded bath salts. 8u(!h salts caused auto- 
corrosion of the metal and gav(>. magnesium the reputation of being unstable. 
Substantially pure magnesium and light alloys made from such metal exhibit 
adequate corrosion resistance to ordinary air; they are attacked by solutions of 
acid salts, neutral solutions of acid salts, and especially by halogen salts. Claso- 
line, kerosene, and lubricating oils have no action. Solutions' of cellulose esters 
dissolve the metal. Both the metal and its alloys can be protected from ordinary 
atmospheric and other mild corrosives by painting with lacquers, varnishes, and 
paints, and by special coatings. Thus, treatment in a bath of sodium bichromate, 
copper nitrate, and nitric acid causes formation of a colored oxidized layer, prob- 
ably some copper compound, that protects against atmospheric corrosion. 
Backer' has patented a coating process in which a strongly adherent coating of 
magnesium hydroxide (Mg (OH) 2) is put on by heating the metal or its alloys in 

1 British Patent 173742, Dec. 7, 1921. 
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water or Bteani to temperatures above 100®C. for 15 min. under ordinary or raised 
pressures. The corrosion of magnesium by water can be inhibited by the presence 
of a small ixjrcentage of potassium dichroinate in the water. 

Physical and Mechanical Properties of Magnesium. — Magnesium is the 
lightest metal used for structural purposes, having specific gravity of 1.74. The 


Table 3. — Physkjal, Mechanical, and Other Properties op Magnesium^ 


Property 

Units for expression 

Value 

»Spccific gravitv, 20°C' 

Grams per cubic centimetcT 

1.7388 

Specific gravity, liquid, 673 °C . 

Grams per cubic centimeter 

1.562 

Melting point 

Degrees Centigrade 

651 

Boiling point 

Degrees Centigrade 

1120 

Thermal expansivity 

Increase in length per unit of 
length per degree Centigrade^ 
(0tol00°CJ.) 

0.0000259 

Thermal conductivity 

Gram-calories per centimeter cube 
per degree c.entigradc per second 
(c. g. s. units). 

0.350 

Latent heat of fusion 

Gram-calories i)er gram 

70 

Latent heat of vaporization 

Gram-calories per gram 

1 .700 

Specific heat 

Gmni-calorifs por degree Centi- 
grade (20 U) 100°(^) 

0.249 

Specific electrical rosistanco 

Microhms per c«aitiinct(*r cubed, a(. 
20”C. 

4.46 

Temperature coefficient of n'sis- 

Per degree (Vntigrade (2()°C ) 

0 0040 

tivity 



Magnetic sUKceptihility^ 

H X 10«, at 18°(^ 

4-0.55 

Hanlnoss (cast) 

Jirinell (10 inm., 500 kg., 30 sec.) 

30 

Hardness (cast) . . , 

Scleroscopc* : 



Magnifier hammer 

eo. 


Universal hammer 

12 

Tensile strength (cast) 

Pounds per s(piarc inch 

13,000. 

Yield point (cast) 

Pounds per square incdi 

3,000 

Elongation (cast) 

I^‘r cent 

6 

Reduction in area (cast) 

Per cent 

6 

Compressive stTongth (cast) .... 

I’ounds per square ine.h 

32,000 

Transverse strengi h (cast) 

Pounds per sqilarc inch 

32,000 

Heat of combustion to MgO 

C'alorics per gram-atom 

146,000 

Heat of chlorination to MgClo . . . 

(Calories per gram- molecule 

152,000 

Heat of sulphuration to MgS 

Calorics per gram -atom 

80,000 

Electrolytic solution potential 



against calomel electrode 

Volts 

2.82 

Atomic weight 

0 = 16 

24.32 


> Data oollcctt*tl from variouH sourocs 


metal weighs 109 lb. per cubic foot. The specific gravity in the liquid state (at 
673°C.) is 1.56, and the solidification shrinkage is 4.2 per cent. The low value 
1.74 for the specific gravity makes an equal volume of magnesium weigh about 
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two-thirds as much as aluminum. Magnesium is slightly malleable when cold but 
very malleable and ductile at 350 to 450®C. The metal and certain alloys can 
be cast readily in iron molds and dry-sand molds and also worked into shapes. 
Both magnesium and its light alloys machine easily and take a fine finish. When 
heated in vacuoy magnesium sublimes and deposits in crystals. It gives off gas on 
heating, principally hydrogen and carbon monoxide. Table 3 gives a summary of 
the physical and mechanical properties of magnesium; the figures may be com- 
pared with the corresponding properties for aluminum in the chapter on the 
Metallurgy of Aluminum and Aluminum Alloys in this work. Magnesium is a 
good bearing metal. The mechanical propc3rties of some magnesium alloys are 
discussed below under alloys. Magnesium has low proportional limit and 
ductility, which features preclude its use for some purposes. Moore®® gives some 
recent tests on the mechanical properties of the metal and one alloy. 

Magnesitun Alloys. — Magnesium-rich alloys are the lightest known useful 
alloys for engineering construction, their specific gravity falling in the range 1.75 
to 1.90, roughly. Their tensile strength lies in the range 20,000 to 50,000 lb. 
per square inch, depending upon the alloy and the condition, t.e., whether cast 
or worked. Magnesium forms alloys with most metals, and the commercial 
alloys are represented by certain magnesium-zinc, magnesium-aluminum, magne- 
sium-cadmium, magnesium-aluminum-zinc, magnesium-aluminum-cadmium- 
copper, and other alloys. 

So far, standard specdficatious for liglu. magnesium alloys have not been drawn and 
the alloys employed for engineering purpowjs have been trade alloys principally. 



Fig. 4.— Porforated onif iljlc for adding iiiugnesiuin to alloys. (Hosenhain.) 


Thus, magnesium-zinc alloys are represented by the so-called ‘‘Elektron metaP' of 
the Chemische Fabrik Clruisheirn-Elektron, while magnesium-aluminum alloys are 
made by the Dow Chemical Co. under the name ‘'Dow metal.'' Substantially pure 
magnesium and an alloy of the nominal composition 99.5: 0.5 magnesium-zinc have 
been marketed under the name “cork metal." The composition of the trade alloys 
is variable, so that the trade names cannot be taken to connote anything metallur- 
gically. Light magnesium alloys, largely “Elektron metal," are now used com- 
mercially for engineering construction in cast and worked forms, and these alloys are 
of especial interest to the engineering trades because of their low specific gravity, 
moderate strength, and high specific tenacity. Magnesium is also a constituent of 
certain aluminum alloys (c/. below). At the present time, magnesium-rich alloys of 
any kind cannot compete with aluminum alloys until the price of magnesium is less 
than 50 cts. per pound. 

Magnesium-aluminum alloys have been experimented with considerably. These 
alloys usually contain more than 90 per cent magnesium and less than 10 pet c^nt 
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aluminum, and the alloy that has been employed considerably commercially has the 
nominal composition 92: 8 magnesium-aluminum. Table 4 gives some figures for the 
properties of this alloy. According to Gann,^® the best properties in magnesium- 
aluminum alloys at the magnesium end arc secured in the 96: 4 magnesium-aluminum 
alloy. Data have been published as to the physical properties of '‘Dow metal D," 
i.e., the piston alloy (composition not given). These are: tensile strength, 22,000 lb. 
per square inch; specific gravity, 1.85; specific tenacity, 12,000 Ib. J)er unit weight; 
impact fatigue (linden- Foster machine), 190 blows to rupture with 4-in.-lb. blow, 


Table 4. — Mechanical and Other Properties of the 92: 8 Magnesium-aluminum 

Alloy* 


Tensile strength: 

Hand castings 

Heat treated 

P'orged 

Elastic limit 

Elongation on a 2-in. length 

Reduction in area 

Compressive strengtli . . 

Transverse strength .... 

Shear 

Tension 

Modulus of elasticity: 

Tension 

Transverse 

Impact (Cliarpy) 

Scleroscope hardness, magiiifi(*r Inimmer 
Brinell hardness: 

Sand cast 

Forged 

Specific gravity 

Electrical resistance ... 

Thermal conductivity. 4, 

('oefiicient of thermal expansion . 
Permanent set (upon heating) 


24.000- 25,000 lb. per square inch 

28.000- 30,000 lb. per square inch 

45.000- 50,000 lb. per square inch 

12.000- 14,000 lb. per sejuare inch 
3-4 per cent 

3-4 per cent 

43.000- 45,000 lb. per square inch 

65.000- 70,000 lb. per siiuare inch 

14.000 11). per scpiarc inch 

17.000 11). per square inch 

9,000,000 lb. per sejuare imdi 

5.470.000 lb. per sipiare inch 
14.66 ft. -lb. 

22.5 

50-55 

70 

1.79 

14 microhms per centimeter cubed 
0.295 gm.-cal. per centimeter^cubed 
per degree (Centigrade per second 
0.000029 per degree ('entigrade 
N one 


1 Tr*8ts by n inagiJi*Hnjni produL-rr 


6,000 blows to rupture with 2-in.-ll). blow. Table*5 gives some mechanical properties 
of a series of magnesium-aluminum alloys in various foi ins. The commercial mag- 
nesium-aluminum alloys sometimes contain small amounts of manganese, sili(!on, or 
calcium. 

Magnesium-rich magnesium-zinc alloys have been studied considerably in Ger- 
many, and some good alloys arc secured in the limits of composition up to 10 per 
cent zinc. The German alloy “Elcktroii” has the nominal composition 95:5 mag- 
nesium-zinc, and, while zinc is the main alloying element used, aluminum, manganese, 
copper, and cadmium are also frequently present. This alloy is used in the cast or 
wrought form. Elektron-metal samples have been found to have specific gravity of 
1.74 to 1.82, so that evidently substantially pure magnesium has been marketed as 
Elcktron. Some tests have been reported by Beckinsale*^ on the properties of Ger- 
man Elektron metal of the nominal composition 94.5: 5:0.5 magnesium-zinc-copper. 
The properties of three samples in the form of cylindrical rods were as follows: specific 
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N00i-i«0®O'feCU3CHWCMei50»Qe04^l>.‘0O00e'?»^OU5^^-^P-HW 
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000 
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q,)Ui ajunbs Jod spunoj 

7.000 
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8,500 
8,500 

9.000 

15.000 

14.500 

14.500 

11.500 
9,000 

8 500 

12.000 

15.500 
15,000 

15.000 

14.000 

10.000 
9,000 

13.000 

14.000 

15.000 

13.000 

14.500 

11.000 
10,000 
16,000 

15.000 

16.500 

16.000 

15.500 

'4090 
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^ a C 
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2.500 

3.000 

7.500 

3.000 

2.000 

2.500 

5 . 500 

8 000 

5.000 

4.000 

2.000 

3.000 

5.000 
10.500 

5.000 
11,000 

5.000 

2.. 500 

3.. 500 
10.000 

7.000 

9.000 

4.000 

7.000 

4.500 
4,500 

12,000 

10.500 

13.000 

16.000 

8.000 

Condition or 
heat treat- 
ment 

As cast 

As extruded 

As rolled 
Annealed 

As cast 

Heat treated 

As extruded 
Heat treated 

As rolled 
Annealed 

As cast 

Heat treated 
Heat treated 

As extruded 
Heat treated 

As rolled 
Annealed 

As cast 

Heat treated 
l^at treated 

As extruded 
Heat treated 

As rolled 
Annealed 

As cast 

Heat treated 
Heat treated 

As extruded 
Heat treated 

As rolled 
Annealed 

Process of 
manufacture 

Casting fsand; 
Extrusion 
Rolling (sheet) 
Rolling (sheet) 
Casting (sand) 
Casting (sand) 
Extrusion 
Extrusion 
Rolling (sheet) 
Rolling (sheet) 
Casting (sand) 
Casting (sand) 
Casting (sand) 
Extrusion 
Extrusion 
Rolling (sheet) 
Rolling (sheet) 
Casting (sand) 
Casting (sand) 
Casting (sand) 
Extrusion 
Extrusion 
Rolling (sheet ' 
Rolling (sheet) 
Casting (sand) 
Casting (sand) 
Casting (sand) 
Extrusion 
Extrusion 
Rolling (sheet) 
Rolling (sheet) 

j 0 add Kiuuaa A'4 iku.i(j 

1.767 

1.780 

1.790 

1.806 

1.820 

Composition 

96-4 Mg-Al 

94:6 Mg-Al . 

92:8 Mg-Al 

90:10 Mg-Al . . 

88:12 Mg-Al . . . 
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gravity, 1.78 to 1.79; Brinell hardness (l-mm. ball, 10 kg.), 48 to 63; yield point, 
17,000 to 26,900 lb. per square inch; tensile strength, 36,100 to 41,200 lb. per square 
inch; elongation, 13 to 19 per cent; specific tenacity, 250 to 284; yield point in com- 
pression, 6,700 to 18,800' lb. per square inch; and compressive strength, 50,000 to 
53,500 lb. per square inch. 

The 87:13 magnesium-copper alloy has been employed considerably for pistons in 
Germany, while the 90:10 magnesium-copper alloy has been used Somewhat. The 
90:10 magnesium-aluminum, 88:12 magnesium-aluminum, and the 90:8:1:1 mag- 
nesium-aluminum-copper-cadmium alloys have all been chill cast for pistons, while 
the 89:10:1 magnesium-ahiminum-silicon alloy has been used for piston-pin bushings. 
The 87:13 magnesium-copper alloy, sand cast, has tensile strength of about 20,000 
lb. per square inch, 1.5 per cent elongation, and 55 Brinell hardness number. Other 
alloys which have been employed include the 90:5:5 magnesium-aluminum-zinc 



alloy (for aircraft castings) and the 99:1 magnesium-silicon alloy (for pistons). Cer- 
tain of the magnesium-base alloys are heat treatable, magnesium-alumimirn. 
The heat treatment of 8U<‘h alloys, as in the case of aluminum alloys depends upon the 
retention in solid solution of a soluble constituent by qxienching and its subsequent 
precipitation in finely dispersed particles by aging. Thus, a heat treatable mag- 
nesium-aluminum alloy may be quenched from 425^0. and aged at 200°C. to cause 
precipitation of the MgnAU. Pjxperirnents have been carried out on various mag- 
nesium alloys, other than those mentioned above, including magnesium-manganese, 
raagnesium-copper-manganese, and magncsium-copper-zinc. A number of composi- 
tions have been patented. Certain intermediate alloys, e.j/., 50:50 and 20:80 mag- 
nesium-copper, have been used for deoxidizing in non-ferrous practice, and the 69:31 
aluminum-magnesium alloy has been employed for mirrors under the name mirror 
metal. Aitchison^^ gives the mechanical properties of several magnesium-base alloys, 
while Daniels*® discusses recent developments. 

Magnesium is a constituent of cert.ain aluminum alloys, e.g.^ duralumin, zinc dura- 
lumin, magnaliums, and so-called Y-alloy of the National Physical Laboratory 
(92.5: 4: 1.5:2 aluminum-copper-magnesium-nickel). Magnesium is present in dura- 
lumin and zinc duralumin in amount of 0.5 to 1.0 per cent, and by the formation of 
magnesium silicide (MgaSi) is largely responsible for the duralumin phenomenon. 
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Magnaliums are aluminum-rich alloys containing magnesium alone and up to about 
10 per cent or with other elements. 

Melting and Casting.— Magnesium alloys are more difficult to prepare than 
aluminum alloys. In practice the magnebiurn is usually melted in cast-iron or steel 
pots fired by oil ©r gas, and the alloys with aluminum and with zinc are made simply 
by adding definite amounts of the solid metals to liquid magnesium, or the constit- 
uent metals for an alloy may be melted and charged together. Burning of the 
metal on melting is to be avoided, and this can be prevented by exclusion of air or 
by the use of suitable fluxes. Veazey and Burdick^ patent a flux for melting 
consisting of magnesium chloride, barium chloride, and sodium chloride; the 
metal is floated in a bath of the flux. (Jaiin- pattmts a flux consisting of 42 per 
cent magnesium chloride, 30 per cent calcium chloride, and 28 per cent sodium 
chloride, and the method of making this flux. Carnallite has been used as a flux. 
The salt fluxes prevent burning but have the disadvantage that they become 
occluded in the metal and in time give rise to auto-corrosion. Schreiber and 
Beck^ patent the use of sulphur as a flux; this is placed on the surface. The 
principle is to cause an atmosphere of sulphur vapor to form above the liquid 
metal with another layer of sulphur dioxide (formed by combustion with air) 
above it. Oxidation on melting has been discussed by de Fleury.^^ Magnesium 
and its alloys have been melted in an atmosphere of hydrogen and in vaevoy but 
this is unnecessary. The melting temperature for the metal and its alloys should 
not much exceed 720°C. 

Magnesium cannot be poured into green-sand (water-tempered) molds, since 
it will react with the moisture. Sand molds may be baked dry, or for ‘^green^’- 
sand work the usual water is replaced by an inert l)ond such as kerosene, glycerin© 
and the like, which will prevent ignition of the hot metal. Cores may be bondled 
with dextrin or sodium sili(;ate solution and baked. Wilhekny^ patents the use of 
sodium silicate as a (!ore binder. The sand for magnesium-alloy castings should 
be coarse and permeable, and the molds should be rammed lightly and vented 
freely. In drying molds, heating at 450°C. for 3 hr. is suitable. Magnesium- 
base alloys can be poured into permanent molds and also die cast with plunger- 
type machines. 

As indicated previously (c/. also Uses below), magnesium is used to a considerable 
extent lus a deoxidizer in non-ferrous foundi-y practice. It is also a minor alloying 
element or a constituent in subordinate amount in certain alloys. For making fixed 
additions of magnesium, it is advisable not to add the entire amount at once by simply 
throwing the metal into a liquid melt, but small pieces may be pushed under the sur- 
face by tongs and held until dissolved. If thrown into a liquid m^t, the magnesium 
will break up, float on the surface, and burn. A useful device for making fixed 
additions of magnesium is a form of “phosphorizer,” such as is used in adding phos- 
phorus to alloys. The tubular device patented by Naylor and Hutton® is useful, or 
the perforated crucible^® shown in Fig. 4 may be employed. 
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Mechanical Treatment. — Both magnesium and certain magnesium-rich alloys 
can be readily rolled hot and to some extent cold, but when rolled cold frequent 
annealings are necessary between passes in order to avoid cracking. Both the 
metal and magnesium-base alloys containing for example up to 10 per cent 
aluminum or zinc are worked (rolled or forged) at 350 to 400®C., and 
extruded at 550®C. The ordinary ribbon is made by pressing the semifluid 
metal into wire and then flattening it. The powder is made by disintegrating the 
metal in the j)asty condition, or by milling. Magnesium and its alloys are 
soldered with great difficulty, but welding is done similar to aluminum welding. 
The use of a slightly reducing oxyacetylene flame and fluoride fluxes is recom- 
mended. Both magnesium and magnesium alloys may be machined very 
rapidly and easily, and the machineability of magnesium is unexceeded by any 
other metal. It exhibits no dragging tendency as does aluminum, and all 
machine-tool operations can be carried out much faster than on aluminum and 
its alloys. 

Metallography. — Magnesium has a hexagonal close-packed lattice, with 
lattice parameter a = 3.22 and c = 5.23 (axial ratio l.()24). Magnesium does 
not work well because of its crystal structure. Tin? ductile and malleable metals 
(like aluminum) have face-(!entered cubic lattices. The constitution and metal- 
lography of many binary systems of magnesium with other metals have been 
examined, and the diagrams of thermal equilibrium published.^® Magnesium 
and its alloys may be etched satisfactorily with dilute acids, e.g., acetic acid and 
nitric acid. A solution of 1 per cent hydrochloric acid plus 0.5 per cent nitric 
acid in alcohol is also a satisfactory etching reagent. Figure 5 shows the micro- 
structure of the 92: S magnesium-aluminum alloy. 

Uses and Applications of Magnesium and Magnesium Alloys. — As stated, 
magnesium and its light alloys have so far been employed only slightly in Ameri- 
can engineering practice as structural materials, but in Germany they are used in 
direct competition with aluminum.^ The principal uses of magnesium may be 
summarized as follows: (1) as the substantially pure metal for structural purposes; 
(2) as an alloy for structural purposes, notably in automotive work, aircraft, 
and in the electrical industry; (3) as a minor constituent of alloys, principally 
aluminum-rich alloys; (4) as the substantially pure metal (and also as intermedi- 
ate alloys) for scavenging and deoxidizing, principally in non-ferrous practice; 
(5) as the substantially pure metal in powder or ribbon form as an illuminant in 
photography and for military purposes. 

In engineering applications, magnesium can generally be used as a substitute^ for 
aluminum and the magnesium alloys for aluminum alloys where a light material is 
desired. At the present time, cast light magnesium alloys are used considerably in 
Germany for crank cases, pistons, transmission housings, gear cases, hub caps, and 
other castings in the automotive industry, for general castings in the electrical indus- 
try, for typewriters, and for many other piirjwses. Wrought alloys, chiefly in 
extruded form, are used extensively for the construction of cameras, binoculars, and 
field glasses, machinery parts, and instruments of precision. Both castings and 
worked parts have been used considerably in the construction of aircraft, and also for 
certain military equipment, including fuse parts and gun and rifle parts. The Ger- 
man alloy “Filektron” has been used for electrical conductors, principally in bus-bar 

^ Private ooiiiinunioation, 8ept. 8, 1923. 
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form. In the United States, the U. S. Army Air Service has used the 96 ; 4 magnesium- 
aluminum alloy (containing a small amount of manganese) for crank-cases, super- 
charger casings, instrument covers, camera mounts, etc. Fig. 6 shows a group of 
magnesium-base alloy castings for aircraft. While the magnesium-rich alloys are of 
great interest because of their low specific gravity and high specific tenacity and can 
be employed in competition with aluminum in Germany at the prices there now ruling, 
they cannot coftipcto with aluminum alloys in the United States until the price of 
magnesium is at least 50 cts. per pound. ‘‘Dow metaU' has been used for pistons, 
and experimentally for connecting rods, bolts, nuts, and bearings. The uses of 
magnesium and its alloys have been detailed by Flusin.^* Magnesium is a minor 
constituent in certain alloys, notably the duralumin-type alloys and magnaliums. 

Magnesium is employed considerably in non-ferrous foundry practice as a deoxidiz- 
ing agent, being used in the production of brass, bronze, aluminum alloy, copper, 
nickel alloy, and other castings. In aluminum-alloy foundry practice, it is used with 
the idea of deoxidizing aluminum-alloy melts, which it does not do, but it does degasify 
melts and also decreases the grain size. Although the heat of formation of magnesium 



Fia. 6. — Aircraft castings in magnesium-base alloys. (Daniels.) 


oxrd^is generally given as greater than that of aluminum •xide (gram-atom basis), 
the heats of formation an^ doubtless quite close t^ogethcr. Biltz and Ilohorst give the 
heats of formation as 1113,1 10 cal. for magnesium oxide and 125, 1(X) cal. for aluminum 
oxide. Magnesium will reduce carbon monoxide and dioxide at the temperature of 
liquid aluminum and hence is uscbil as a degasificr. P^or aluminum-alloy work, 
about 0.5 per cent magnesium is added. 

P'or deoxidizing, either the pure metal or an intermediate alloy, such as magnesium- 
copper, magnesium-.silicon, or magnesium-aluminum, may be used. When employed 
for deoxidizing casting copper, about 0.013 to 0.08 per cent is added, and for brass and 
bronze about 0.1 per cent is used. Magnesium is essential as a deoxidizer in nickel 
metallurgy, being used to deoxidize nickel ingots for rolling anti monel metal for 
(ijisting; 0.08 to 0.15 per cent magnesium is added. Pure nickel is actually malleable 
but is rendered non-mallcablc by the presence of so little as 0.005 per cent sulphur. 
Magnesium forms MgS (probably) with the sulphur, and this compound docs not 
affect the intercrystalline cohesion, liecent tests indicate that magnesium additions 
have a deleterious effect on the tensile properties of brass castings. An uranium- 
magnesium-aluminum alloy has been employed as a deoxidizer in steel practice, 
particularly for chrome steels. In general, magnesium is a useful dioxidizer for 
scavenging metals and alloys, thereby cleaning up occluded oxides, causing degasifica- 
tion, and yielding denser and stronger castings. < 






CHAPTER XXI 


THE ALKALI AND ALKALINE-EARTH METALS 

By Howard E. Batsford^ 

The alkali metals usually met with are ])otassium, sodium, caesium, rubidium, 
and lithium. Th(^ radical NH4 resembles tluise metals in its properties, and 
chemically is classed with them. 

The metals of this group decompose water at ordinary temperatures with the 
evolution of hydrogen and the formation of strongly alkaline-reacting hydroxides, 
which cannot be freed from their hydrate water even on fusion. Tlu; pure oxides 
(R2O) arc dilfieult to prepare, even cautious heating of the metal in air forming perox- 
ides at the same time. The salts of these m(*tals are colorless for the most part, 
and readily soluble in wat(’r. Of these* salts the carbonates, the tertiary and secondary 
phosphates, the (yanid(*s, and tlie borates react alkaline in aqueous solution (hydrol- 
ysis). The salts of the alkalies are more or less volatile and impart to the non- 
luminous flame characteristic colors. 

Potassium (K— atomic weight, 39.15; specific gravity, 0.87; melting point, 
G2.5®C.; boiling point, ()(37°C.). — Potassium is the lightest metal known, with the 
exception of lithium. It is a silvery-w'hite metal tinged with blue. It is oxidized 
on exposure to air, forming a film of oxide, and on jirolonged exposure deliquesces 
into a solution of hydrate*, and carbonate. Perfectly dry oxygen does not affect 
it. It is soft at ordinary temperatures and can be kneaded ^)etween the fingers or 
cut with a blunt knife. An intensely green vapor is given off on boiling, and it 
cryfrtifllizes in quadratic octahedra of greenish-blue colbr. Heated in air, it 
fuses and takes fire; when thrown in small pieces on the surface of water it bursts 
into a violet flame. At 300 to 4()0°C. it occludes hydrogen gas, forming KJI. 
Its electrical conductivity at 50°C. is 11. fi X 10^ niciprocal ohms; at 10()°C., 
6.29 X 10^ for liquid. The spectrum is reddish. The heat of formation of KOH 
is 101.7 to 103.17 cals. 

Occurrence. ■ -Potassium occurs in nature in the minerals syWite (KCl), 
and carnallite (Mg CI2 KCI.GH2O) at Stassfurt in the presence of halite and anhy- 
drite. A common form is saltpid-er (KNOj) in orthorhombic prisms, and in many 
.silicates, as monoclinic feldspar (KAlHiaOs) and nius(!ovite (KIl2Al3Si3()]2). Two 
other sources of potassium are the organic .salts of plants which on burning yield 
potassium carbonate (potash) and the dust from the burning of cement, which on 
leaching furnishes much potash. 

Inland deposits of the salt (KCl) at Salduro, Utah, and Searles Lake, are the 
base of large-scale operations. At these places the salt is harvested with large 
plows, conveyed to the plant where the potash salt is leached, and concentrated in 
pure or commercial form. The ratio of soda to potash in ocean water is 100 to 
3.23; in kelp it is, on the average, 100 to 5.26. 

‘ Chemical engineer, Utica, N. Y. 
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Metallurgy. (1) Chemical — The metal has been obtained by paasing melted 
potash down a clay tube containing iron turnings or wire heated to whiteness; 
also by the use of charcoal at white heat. Brunner’s process consisted in forming 
an intimate mixture of i)otassium carbonate and carbon by igniting crude tartar 
in a covered iron crucible, cooling the mass, then distilling it at a white heat from 
iron bottles, the vaporized metal being condensed beneath the surface of paraffin 
or naphtha contained ii\ a copper vessel. The metal is purified by redistilling and 
condensing directly under paraffin. 

2. Electrochemical Methods. — ^T^innemann electrolyzes the cyanide (KCN) 
between carbon electrodes. A. Matthiesson electrolyzes an equimolecular mix- 
ture of ])otassium and cahiium chlorides (melting at a lower temperature than 
potassium chloride) between carbon electrodes. Castner electrolyzes caustic 
potash in fused state with nicikel anode and iron cathode. 

Important Uses. — Potassium combines with chlorine and bromine with great 
energy, and has the power to extract chlorine from its compounds. It can, there- 
fore, be used for isolating some compounds, as, for exainjde, magnesium and 
aluminum, whose oxygen compounds cannot be reduced by tin; ordinary methods. 
Sodium, however, can be obtained at a lf)wer price? and is used instead. An alloy 
of sodium and potassium which is li(j[uid at ordinary temj)eratures is used as indi- 
cator in thermometry. 

Chief Alloys and Compounds.— Potow’w?//. Hydride (KoTI). — This compound, 
formed by heating potassium in an atniospluTc of hydrogen at about ;i()0°C., 
is a silvery-white mass with a metallic luster. It tak(*s fire in air and when heated 
begins to dissociate at 2()()°C. 

Pota.ssium Brornate (KBrO;i). — A crystalline powder, sometinit's needles, soluble 
in hot water, slightly soluble in alcohol. It melts nt and dcicomposcis first 

slowly and then rapidly and explosively, giving off Oj and Bra. 

Potassium Chlorate (KCIO 3 ). — "I'ransparent, colorless shining prisms or rnono- 
(?Iiriie plates, with pearly luster and cooling saline taste. It is a good oxidizing agent; 
decomposes with evolulion of O.,, when lujated to 352°C.; is decompos(‘d by strong 
acids, often with explosive viohmee; is soluble in water, with absorption of heat; soluble 
in alcohol, but insoluble in {ibsolute alcohol; melting point, 334°(^ 

Potassium Chloride (K(3). — White cubi(?al crystals with sahne taste, stable in air; 
decrepitates when heated; soluble in water and alcohol, insoluble in absolute .alcohol, 
and very slightly soluble in ether-absolute alcohol. Melting point, 73()''(\, and 
volatile at higher temperatures. It is used as source of potassium hydroxide in the 
Nelson and Allen-Moorc c(;lls. 

Potas.s'ium Chromate (K 2 Cr() 4 ). — Pale, lemon-yellow, chunky, double, six-sided, 
trimctric pyramids, with alkaline reaction and bitter, cooling, metallic taste. It 
melts without change at red heat, is easily soluble in water, insoluble in alcohol, and 
is one of the most common oxidizing agents. 

Potassium Bichromate (KaCriGy). — T^arge, orange-red, translucent, four-sided, 
triclinic plates or prisms, stable in air, with acid reaction and bittcT metallu! taste. 
It decrepitates when heated, melts near red heat, and decomposes at red heat. Less 
soluble in water than K 2 CVO 4 , and insoluble in alcohol. 

Potassium Ferricyanule (KjFe(CN)r,). — Large, red, monoclinic prisms, or needles, 
which when crushed give a yellow powder; easily soluble in water to a greenish solu- 
tion, insoluble in absolute alcohol, and slightly soluble in dilute alcohol. 

Potassium Ferrocyauide (K4Fe(CN)6.3H20). — Ij<nnon-yellow to amber-yellow, 
efflorescent, monoclinic, tabular crystals, seldom separate, usually massed together 
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irregularly. Pearly luster as crystals, but loses all its water of crystallization at 60 
to 80“C. Decomposes when heated to a higher temperature. Soluble in water to a 
yellow solution that decomposes in sunlight with formation of Prussian blue. More 
soluble in hot than in cold water, and insoluble in alcohol. 

Potassium Manganate (K 2 Mn 04 ). — Dark-green rhombic crystals, with metallic 
luster, turning dull and black in air. Decomposes wheti heated to a high temperature, 
soluble in water, with decomposition to KMn 04 and Mn 02 , soluble in KOH.A 9 ., 
from which it may be crystallized. 

Potassium Perinanganale (KMn 04 ). — Dark, purple-red, almost black, slender, 
opaque prisms, with blue metallic reflection, sweet taste, with astringent bitter after- 
taste. Decomposes at high heat, is soluble in water, giving an aqueous solution violet 
to purple when dilute; dark red to nearly black when concentrated; is decomposed 
immediately by alcohol. 

Potassium Nitrate (KNO.,). —Colorless, transparent, six-sided prisms or a white, 
crystalline powder with c-oolmg saline, pungent taste. Soluble in water, with lower- 
ing of temperature, insolubl(‘ in absolute alcohol, but in dilute alcohol it dissolves 
proportionally to the amount of water present. Decomi)oses at white heat. Melt- 
ing point, 339°C. 

Potassium Nitrile (KNO 2 ). — White to yellowish-white, amorphous, deliquescent 
sticks or lumi)s, resembling KOH, or (iolorless microscopic, prismatic; crystals; very 
soluble in w'ater — more so than KNO 3 — insoluble in absolute alcohol. Forms an 
insoluble double salt (C()(N 02 ).i- 3 KN 02 ) with Co nitrite. 

Potassium Oxide (K-/)). — (1 ray ish-v\ bite, brittle, non-lustrous solid with con- 
choidal fnicture, often contaminated with K 2 () 2 , soluble m water, with evolution of 
much heat and formation of KOIl. Melts at full nui heat, volatilizcjs at very high 
temperatures. 

Potassium Persiil phntc (K-iSoOs). — White* (;ryHtals, slightly soluble in wat( 3 r. It is 
used for bleaching and is an (exceedingly powerful oxidizer and antis(*ptic. 

Potassium Sulphocgauatc (KS('N). — Lcmg, white striated prisms resembling niter, 
sometimes colorless scale's. Very soluble in wat(;r, with lowering of temperature; 
soluble 111 alcohol. Melts at ]G1°C , the fluid salt turning brov^ri at first, then green, 
finally indigo blue, but returning to a, white solid on cooling. 

Pplf^ssium Tungstate (K 2 W() 4 ). — White, deliquescent, tri^linic; lU'edles, d<K;rcpi- 
tates wluin h(*at(;d, melts at red h( 3 at, easily soluble in water, insoluble m alcohol. It 
is used in manufactun; of magenta bronze. 

Sodium (Na — atomic weight, 22.82; specific gravity, 0.0735; melting point, 
95.6°C., boiling point, 742°C). — It is a light, soft, malleable, dii(;tile metal, 
occasionally forming lustrous white, (piaflratic octahedra, silver-white and very 
lustrous when freshly cut, but oxidizes easily on exjiosure to air, becoming dull 
gray. Evolves hydrogiiii rapidly from cold water, leaving NaOll in solution, 
and the hydrogen generally does not catch fire, l^urns in air with a yellow flame, 
the oxide formed being a mixture of Na^f-) and Na-Oa. Must be tept in air-tight 
cans or under a liquid, free from oxygen, such as naphtha. Fairly hard at — 20 ®C., 
ductile at 0 °C., soft as wax at ordinary temperature, pasty at about 50®C., melts 
about 95 '’C., and boils at about 750°C. Vapor is colorless or violet. Soluble 
in liquid ammonia; decomposes alcohol violently; insoluble in hydrocarbons; reacts 
violently with acids, forming soluble salts. The metal may be heated to melting 
or even higher temperature without catching fire. Combines with the halogens 
when heated. All Na salts color the bunsen flame yellow. 
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Electrical conductivity at 21.7°C., 22.4 X 10^ reciprocal ohms or 36.5 per cent 
of value of Ag. 

lOlectrical conductivity at 5()°C., solid Na 18.8 X 10^ reciprocal ohms. 

Electrical conductivity at llO'^C., solid Na 9.8 X 10^ reciprocal ohms. 

Electrical conductivity at 12()°C., liquid Na 11.42 X 10^ reciprocal ohms. 

Heat of formation of NaOH, 101.87 to 102.7 cal. » 

It ranks fourth to silver, copper, and gold in electrical conductivity and heat 
conductivity and is the most electropositive metal with the exception of caesium, 
rubidium, and ])otassium. 

Occurrence. — Sodium occurs in nature very extcmsivcly. Its most important 
mineral, of course, is halite, or rock salt (NaC'l), isometric system. It is found in 
very large deposits, often quite pure, but usually contaminated with clay, anhy- 
drite, and gypsum, and is present in large amounts in the ocean and in many salt 
springs. 

S()dium also occurs in tlic form of carlamato, na thermonatrite (Na 2 C()a.H 2 ()), 
natritc or soda (Na 2 CX)a.l 0 H.j()), trona (Na 2 CX) 3 .Na.H(U)a. 21120), as nitrate' in Chile 
saltpeter (NaNOa), as cryolite (NasAlEo), in many silicates as albitc (NaAUSiaOs), 
and as tinkal, borax (Nn2H407.19Il20). 

Metallurgy. (1) Chendcal . — The chemical jmxliKition of metallic sodium con- 
sisted largely of methods for the reduction of the chloride and the carbonate. 



For the reducing agent carbon in various forms has been used. Gay-Lussac and 
Thenard decomposed sodium hydroxide with red-hot iron; Brunner ignited so- 
dium carbonate with charcoal ; Netto heated a column of coke or charcoal in a retort 
or receiver to a high temperature, then sprayed fused NaOII on the red-hot mass. 
Decomposition took place rapidly and the vapors of sodium escaped through the 
spaces between the iliarcoal. In 1903 T. Parker mixed aluminate of soda with 
carbon in suitable proportions and calcined them in an electric; furnace. Sodium 
distilled off and alumina was left. The work of Freeman in 1919 differed from 
others in that he used salt and calcium carbide in finely powdered condition and 
heated them to a bright red temjDerature, not higher than 1400°C.^ 

1 U. 6. Patent 1310148. 
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2. Electrochemical , — The difficulties to be contended with in the electrochemical 
manufacture of metallic sodium from fused salts are the destnictive action of fused 
chlorides and the reduced alkali metals on most non-metallic substances available for 
the containing vessel and its diaphragm, also that of thc^ anode chlorine on metals. 
The low fusion point of metallic sodium and of potassium, (62°C.) and the low 

specific gravity of the metals cause the separated metals to float on the surface of the 
melted salt. Ag&in, pure sodium chloride melts at about 77r)°C., while sodium boils at 
750°C., so that the margin of safety is very small if loss by evaporation is to be 
prevented. 

Electrolysis of fused caustic soda with a nickel anode and iron cathode and the use 
of an iron-wire gauze diaphragm is attributed to Hamilton Y. Castner, and is in suc- 
cessful operation at the present time. Oxygen is (‘volved at the anode and escapes 
from the outer vessel, while the sodium is deposited in ghibules on the cathode surface. 
It then frees itself and floats upwards into the iron cylinder, within which it accumu- 
lates and from which it may be removed at intervals by means of a perforated iron 
ladle. 

Owing to the surface tension of the sodium it remains in tlie ladle while the 
fused salt passes freely through the perforations, 'riie .sodium is then cast into 



Fig. 2. — Carrier fused-salt cell. 

» 

molds for use in the arts. NaOH has certain advantages over NaCl, although it is 
more costly. Its fusing point is only .‘J2()°C^, and no anode chlorine is produced, so 
that 6oth containing vessel and anode may be of iron, and no porous partitkui is 
necessary. 

C. F. Carrier in 1906 patented a cell in whicdi he eh^c.trolyzed fused salt. (Sec 
Fig. 2, taken from U. S. Pat. 830051; Sept. 4, 1906.) For this purpose he had the 
anode compart>ment equipped with graphite anodes and the cathode «;ompartment, 
which was on the other side of a division wall, equipped with a flat iron plate for 
cathode. The intermediate electrode was molten lead, wliicdi was caused to flow back 
and forth by the action of two heavy plungers. 

The melt in the cathode? ediamber w'as fused caustic soda kept just a little above its 
melting point. The cell was started by piling a little salt around the anode, which was 
lowered almost to the lead (the latter being in molten condition). " When an arc had 
been formed between graphite and lead, some of the salt melted from the intense heat, 
and by gradually drawing the anode away from the lead and feeding in salt the bath 
was built up. Care had to be exercised at this time not to pass the current through 
the cathode, otherwise the lead would be attacked due to the absence of sodium. 
When, however, the bath was partly built up, the current was put through the 
regular channels. 

Tlie sodium was deposited in the lead, which conveyed it to the cathode compart- 
ment, there to be set free at the iron cathode and collected under paraffine after its 
exit from the overflow pipe. 
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To prevent whorting of the current from cathode to bell-covering compartment, a 
water-cooling pii)e was placed on the inner edge of the bell-shaped top of the cathode 
compartment. This permitted th(^ bath to be kept in solid condition, and hence a 
good insulator. 

One of the chief difRcultics which seems apparent in this type of furnace is the 
control of temp(*rature in the furaace. In spite of the inventor’s claims to regulation 
by means of the water cooling, there still remains the fact that the femperature must 
(Imp from about S()0 to 3()0“C’. in the space of a few indites. It has also been 
found that the iron castings do not hold lead tightly and are subject to deterioration, 

hence it seems like placing too many eggs in 
one basket. 

J. D. Darling had meanwhile invented a 
process for making metallic sodium from 
sodium nitrate, carrying on the experimental 
work at the Philad(‘lphia plant of Harrison 
Bros. & (b., Inc. Fig. 8 ivpresents the cell as 
describ(‘d in U. S. Pat. 517001 ; March 20, 1894. 

For anodes he used carbon-platinum rods 
set in compartments with perforated inverted 
bell of aluminum enveloping them. This bell 
was litted with perforations sloping down from 
the inside to prevtMit the outward How of the 
gfises gtmerated during elec^trolysis. 'Tlie iron 
pot served as cathode*, air b(ung excluded by 
a tight cover. .Sodium nitrate was melt(*d in 
the pot, the top cover and electrodes were s(*t 
in place, and the current was turned on. The 
molten nitrate was reduced to nitrite of soda 
with the addition of sodium oxide, the latter 
dissolving in the nitrite of soda. The nitrite 
of soda and the sodium oxide were then 
decompost'd, permitting tlie liberated sodium 
to float 1.0 the. top of tin* bath and pass down 
Fig. 3." -DarlinK oelK- using sodium through a suitable outlet pipe. Gaseous ‘NO 2 
nitrate. passed off through an opening in the 

top of the anod(‘ chamber a.nd w(*reled through 
absorption bottles (containing water, thus forming nitric acid and permitting the oxygen 
to escape. 

He later invented a porous diaphragm of portland cement and improved his cell, 
and attempted to market his process. Unfortunately the explosion hazard was too 
great a drawback, and the proc.i'ss was abandoned about the year HK)5. 

h]lectrolysis of fused salt mixtures, such as sodium chloride and calcium chloride; 
sodium chlorid(*, calcaum chloride, potassium chloride, and barium chloride were 
used by Seward and von Kugelgen and also by McNitt. S(^ward electrolyzed mixtures 
of anhydrous salts of NaCl, KGl, and the fluorides, endeavoring to get mixtures of low 
fusing point. His furnace (U)nsisted of a large shallow pot lined with special heat- 
resisting brick in wliich was embedded the graphite anode ring. The cathode con- 
sisted of a hollow iron cylinder made up of a double shell united at the top and filled 
with asbestos, built into the furnace body, the current leaving through the bottom. 
This cathode was covered by a hood dipping just beneath the surface of the molten 
mixture to prevent admission of air to the molten sodium which rose to the top of the 
cathode, flowed across to a center hole, and thciicc to a receiver fastened to the lower 
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end of the cathode. As the electrodes were a considerable distance apart, there was 
no need of a diaphragm to separate the anions from the cations. 

The insulation of the cathode was effected by causing a frozen layer of salt to be 
maintained at the junction of the cathode with the furnace bottom. The large dis- 
tance between anode and cathode caused the voltage to be higher than in the furnaces 
described later. A layer of frozen salt was maintained around the edge of the dia- 
phragm by means of a water-cooling coil jdaced in its edge. 

McNitt’s furnace depended on a deep layer of molten salts above the zone of 
electrolysis to keep the sodium in the condensed form for colle(;ting. The furnace was 
built in the shape of a circular well w^ith graphite anodes set in a ring near the bottom. 
The cathofle was of the hanging type, being supported from a tripod independent of 
the furnace body. It consisted of a steel cylinder on the end of a suitably insulated 
conductor, carried a wcll-insulat(^d hood and wire-gauze diaphragm and was further 
protected from damages by a water cooler inserted in the center of the conductor for 
almost the entire length of the electrode. 



All radiation possible was saved by protecting the outer surface of the furnace 
with layers of kicselguhr or Sil-()-Ccl fire Iirick and the graphite anodes hful water 
coolers on the outcu* ends of the stems. Sodium metal ro.se from the cathode surface 
into the hood, a.SL*endcd through a vertical outlet pipe, and flowed across into a 
receiver outside the furna(;e and was kept w^arm by a resistance coil or gas flame sur- 
rounding it. ^ 

The chlorine gas in all types of furnace is drawn from tin; space above' the bath 
through a suitably jilaced pipe in the furnace w^all. 

Many types of furnace have been devised, such as one in which the anode is sur- 
rounded by a hollow cathode, neces.sitating the removal of the sodium from the out- 
side of the furnace and carriage of the chlorine from the c, enter. These types are still 
in the experimental stage and depend a great deal on the manner of heat insulation 
and anticorrosion protection. 

Borchers made a study of the production of metallic sodium and arrived at the 
following conclusions in 1894: For best electrolysis: (1) Alkali metal must be deposited 
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at a metallic (iron) cathode. (2) Cathode space must permit of collection and removal 
of metal without the latter coming in contact with reducible substances. (3) The 
anode must be of carbon. (4) The anode space must permit of the easy removal of 
the halogen, and its walls must be constructed of material capable of withstanding the 
action of halogens and haloid salts. (.*5) No metallic particles should be present in the 
melt between the poles. (6) All the parts of the apparatus must be constructed of 
fire-resisting material. • 

In 1902 Janeczeke made a special study of the decomposition voltages occurring 
in the electrolysis of fused caustic soda. 

At temperatures corresponding to the melting point of caustic soda, the sodium 
is absorbed during electrolysis, as is also oxygen; at slightly higher temperatures these 
products are absorbed so rapidly that there is no decomposition. 

Hydrogen may bo formed primarily by deposition at the cathode or secondarily 
by action through the sodium and water formed at the anode, the following reaction 
taking place; 

NaOll -h Na = Na,() -f H 

Therefore there are present H ions in small number in the fused anhydrous caustic 
soda. 

The decomposition voltage was found to be about 1.3 volts for caustic soda. 
Below 1.0 volt at the c;athode a quite? lively generation of h,ydrogen takes place, the 
oxygen generation taking place promptly at 1.3 volts. 

The second decomposition point in the-voltage curve is at 2.1 volts. At 2.4 volts 
stream lines seemed to go out from the cathode into the melt with flashes of gas. 
These were apparently sodium particles which rciacded with the (raustic soda. 

From these and other data it was assumed that 2.2 volts represents the point at 
which metallic sodium is formed. 

Le Blanc and Hrodc; published in the same y(»ar (1902) in Zcitschrift fur EleMro- 
chemic the results of their observations on the ele(?trolysis of fus(?d NaOH and KOH, 
as follows: 

At the anode oxygen and water are formed, the wati'r rc*acting with the sodium 
freed at the cathode wjth the evolution of hydrog(*n. 

Since one equivalent of water exists for two equivalents of sodium, a current yield 
of 50 p(ir cent is th(‘ maximum obtainable in such a proci'ss as that jiatentcid by 
Castner. In fact, the. iield generally runs about 41) jicr cent. « •- 

At high tempiTatures sodium dissolves in the melt, causing evidently strongly 
depolarizing properties in tin? molt at the anode. Th(‘ depolarizing effect of the dis- 
solved sodium was so great that only at high current densities could oxygen be formed. 
Under these conditions the gas formed at the anode was a mixture of ('qual parts of 
hydrogen and oxygen, or d(*tonating gas mixed with hydrogen. Sometimes the cell 
works badly, makes littk; sotliiim, and almost every minute has an explosion. It is 
then too hot, the melt is dissolving too much scidium, it partly depolarizes the anode, 
and partly reacts with the moisture present, forming rich mixtures of detonating gas 
which cxjilodc. 

At a lower temiierature, on account of the diminislu;d solubility of the sodium in 
the melt, the depolarizing effect at the anode and the formation of detonating gas are 
reduced to a minimum. 

The Oastner process furnishes a means for conducting the hydrogen upwards inside 
a wire gauze along with the metallic sodium, neither being permitted to pass across 
to the anode. 

The anodic gas generation is not, as Castner believed, a result of the increased 
solubility of oxygen in the melt, })iit is a result of the depolarizing action of the dis- 
solved sodium. If the former were true, anodic hydrogen would be liberated, whereas 
free oxygen and the water arc formed. 
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If sodium peroxide is dissolved in the melt, it has the same depolarizing action 
as the metallic sodium, but at the cathode. 

In a pure caustic soda melt there is nothing which exerts a depolarizing action at 
the anode or cathode, and on this account only small currents pass through the 
electrolyte at low terminal voltages. 

Peroxide exists at tlie anode and dissolved sodium at the cathode, both of which 
act as depolarizer for the other electrode. On continued elec^trolysis, the following 
reaction takes place : 

NaaOz + 2Na = 2Na20 

With water at the anode tlie following reaction: 

NaaO + II 2 O = 2NaOII 

A part of the sodium also acts dire(d-ly on the water. According to the reaction 
whjch predominates, the result is a melt sai urated with sodium or with sodium per- 
oxide. Luckily, it is p()SKi})le to g(*t anodic or cathodic polarization at will, if fresh 
electrolyte is allowed to flow either from anode to cathode, or trice versa. 

In order to obtain good yields of sodium, the following precautions are in order: 
(1) Do not let the water formed at the anode reach the cathode; (2) get a good 
diaphragm. 

Pure anhydrous caustic soda contains no H ions nor () ions but oidy Na and OH 
ions, and is very hygrosc.opii!. 

The Acker process consists in electrolyzing pure sodium chloride in a furnace 
having graphite anod(\s and a lead cathode. In a large shallow casting with false 
bottom several graphite anodes dip for about 1 in. into a fused salt bath, which is 
resting on a layer of molten lead as cathode. The chlorine gas is drawn from the 
furnace top by means of an exhaust fan, .-nd the sodium is absorbed by the molten 
lead, whicli flows through a subterranean channel to an auxiliary chamber for removal 
of the sodium by steam. The rejuvenatetl lead is returned again to the electrolytic 
chamber for more sodium. 

The chlorine gas, containing about 10 per cent CI 2 and 00 per cent air, is drawn 
through lime liquor for the formation of chlorine products. 

The current used is 0,000 amp., the voltage 7 volts, and •the current density 2.9 
amp. per square (;enti meter 

P^mbucchen made a study of the electrolysis of NaOH by alternating current 
with the following results: The property of aluminum electrodes, whic.h permits the 
electricity to pass in one direction only, is made u.se of for electrolyzing caustic soda. 
NaOII is fused in an aluminum vessi^l, in whi(*h i.s placed an aluminum ele(‘,trode sur- 
rounded by an iron electrode. A perforated aluminum diaphragm is interposed, 
insulated from the aluminum electrode by a porcelain sleeve. Alternating currents 
of 9 amp. at 4 volts gave a good yield of sodium under careful temperature regulation, 
with very little corrosion of the aluminum. 

In 190(j C. F. Carrier published the following figures and facts concerning the 
Castner process: Advantages: low nu'Iting point of bath; simplic.ity of the apparatus. 
Disadvantages: high cost of raw materials; low ampere* efficiency; small size of the 
units; con.stant explosions during process; the metal is removed in driblets by dipping 
out with a si)oon. 

Cost Fiouues (1909) 


Daily production. 
Ampere efficiene^y 
Fall of potential 
Capacity of cells. 
Capitalization. . . 


1 ton of Na 
40 per cent 
5 volts per cell 
1 ,200 amp. 
$30,000 


300 days per year; 24 hr. per day 



790 


NON-FERROUS METALLURGY 


Costs per Y ear 


650 tons NaOH at $45 $29,250 

725hp.-yr. at $20 14,500 

30 men at $2 a day per inan 21 ,600 

ManaRmnent and expert labor. . 9,000 

IiitereHi and doprecJatioii (15 per eent) • 7,500 

General expenses and scllinR, 5 per cent sale price 9,000 

Miscellaiioous supplies 1 ,000 


Total $91,850 

Yearly production, 720,000 lb. 

Approximate cost per pound 12 7 cts. 


In spite of the rapidly decreasing solubility of the sodium and potassium at higher 
temperatures, the electrochemical efficiencies in (‘lec.trolysis of NaOlI and KGH 
rapidly decrease with rising temperature as a result of tli(‘ ijicr(.*aso of V(4ocity witli 
which the metal diffuses into the irujlten electrolyte. 

Measurements show this velocity to be greater for soilium than for i)otassium, and 
in the former case to increase rapidly above 340°C., at whicdi point the efficiency for 
NaOII electrolysis sinks nearly to zero. 

Le Blanc and Bcrgmann made a study of the influence of metals on fuscnl hydroxide, 
which gave an idea to the metallurgist as to what to expecit in the constru(;tion of cells 
for this electrolysis. 

For the tests they prepared NaOII, which analyzed as follows: NaOFT, 92.6 pcT 
cent; NaaCOj, 4.95 per cent; and H-A), 2.45 per cent Minor impuriti(‘s neglecteil. 

The carbonate was not taken out, for the c[iustic, in general use contained about 
5 per cent and the tests were not to bo made for a specaal product. 

They found that: silver is attacked by NaOII; gold is not attacked; copper is not 
attacked by NaOII at 435°C' , but at 563°C. there was a noticeabhi reaction which 
increased at higher temperatures. Iron does not react with NaOII in a marked man- 
ner at 400°C., but at 70()°0. the reaction is lively. After cooling, the melt appcairs 
dark red and leaves a dark-n^d precipitatt; on solution ifi water. Cop]ier, on the other 
hand, leaves a dark-blu^^ precipitate. Nickel does not react with NaOH at 400°(^., 
but at higher temiieraturcs it reacts with the formation of a green melt which yields 
a black residue in water. 

Platinum does not react at 4(MI°C. but is somewhat soluble around 700°C. The 
melt on solutitm in water leaves behind a black residue. Zinc acts on NaOH with 
generation of hydrogen, and the residue consists of Zn(ONa) 2 . Aluminum is slightly 
attacked by sodium hyd roxide at temperatures nuiging from 450 to 500*^0. Magnesium 
reacts with sodium hydroxide at 40()°(J. in a nickel crucibh^ in a very vigorous manner. 
Sodium had tt) be tried in a nickel c-ruciblo, since gold is dissolved in molten condition. 
It reacts with sodium hydroxide at 450°C. in a slight manner and more vigorously at 
550‘’C. 

B. Neumann made some experiments on mixtures of NaOH and Na^COs in 1914, 
getting melting-point curves showing the varying c.urrent effiedenedes for his mixtures. 
The best yields of sodium (83 per cent) were obtained on the addition of 12 to 17 per 
cent Na 2 C 03 , the melting point of the mixture being 280°C. He also made observa- 
tions on mixtures of NaOH and NaCff, but the yields were lower than with Na 2 CO.i 
additions or with pure NaOH. In the best run only 39 per cent current efficiency 
was obtained, with 5.5 per cent NaCl and a melting point of 285°C. He stated that 
higher efficiencies in the production of sodium in technical practice could be obtained 
by the careful dehydration of the fused caustic before electrolysis, by the use of NaOH 
free fnim NaCl, liy the addition of NaaCOs to lower the temperature of the bath, by 
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careful temperature measurements, which until now have been regarded as unneces- 
sary, and by greater attention to the anodic separation of water. 

The melting point drops from 296°C. for pure NaOH to 280°C. for the NaOH- 
Na2C08 mixture containing 17 per cent Na 2 C 03 , rising again to 297®C. for 30 per cent 
NaaCOa. 

The current efficiency rises from about 25 per cent at 2 per cent NaaCOs to a 
maximum of 63.(fe per cent at 17 per cent NaaCOs, decreasing again to 40 per cent at 
27 per cent Na 2 C 03 . 

At the maximum current efficiency the range of temperature between freezing and 
overheating is also a maximum, being 16°. Above this concentration of NaaCOs the 
temperature range gradually diniinishcs and a factf)ry using these strengths can run 
with only low efficiencies, if at all. 

The voltage between the electrodes in this mixture amounted to an average of 6 
volts. 

Caustic soda is found in the industries usually accompanied by some NaCl, some- 
times up to 3 per cent. Naturally, in continued electrolysis the salt content increases 
in the cell, since the (hH'-omposition potential of salt at 300°(h (likewise that of NaaCOj) 
is about 1 volt higher then that of NaOlI. The consequence of continued increase of 
salt content is poorer yields and the necessily for finally discarding the bath. 

It was found that in mixtures of salt and caustic tlu' melting point decreased from 
2S9.3°C. with zero salt to a minimum of 2iS3°C. with 7 per cent salt, then rose rapidly 
to 315°C. with a 15.6 per cent salt content. 

Von Wartburg found that no chlorine was generated at the anode with mixtures 
containing from 25 to 50 per cc'iit NaC3. 

Important Uses. — Metallic sodium is a good reducing agent, and is used in 
the reduction of various organic compoiuids. On the large scale it is made into 
sodium peroxide for bleaching and sodium cyanide* for fumigation, separating gold 
from its ores, and electroplating. In the form of sodarnidc it is used with phenyl 
glycine for manufacturing synthetic indigo. With lead it h^r'ms an alloy which is 
used on the market for the preparation of hydrogen in pure form, the mixture bear- 
ing the trade name of ^^hydrone.” As .sodium peroxide it is made up with proper 
amount of inert material into pellets of “oxone,” which are used as a means of 
generating pure oxygen gas for hospital use. 

Chief Alloys and Compounds. — Sodium-potassium alloy is used in 
thermometry. 

Sodium Amalgam . — Gray jiieces the size of a pea, containing 2 per cent Na, 
formed by adding sodium in small pieces to iiK'Tcury heated to 198°C. It is 
used for reduction of metal haloids, detection of SOo, and preparation of hydrogen. 


Sodium Bicarhovatv {Baking Soda) (NaUCC).,). — White, amorphous powder, with 
cooling, mildly alkaline taste and mildly alkaline reaction, soluble in water: melting 
point, 1098“C. 

Sodium Bisulphaic (NanS 04 .n 20 ). — Large, long, colorless, four-sided, triclinic 
crystals or grayish masses; soluble in water with decomposition; decomposed by 
alcohol, melting point above 315°(1; decomposes at wliite heat. 

Sodium Borate (Borax) (Na2B4O7.101l2O). — Large, hard, monor^linic prisms, some- 
what whitish, sometimes clear and colorless; slightly efflorescent; loses all its crystalline 
water when heated; soluble in water; solution absorbs some CO 2 from the air on 
standing; insoluble in alcohol; sweet, cooling taste; melting point, 75.6°C. 
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Sodium Chlorate (NaCIOs).— Colorless crystals, with cooling saline taste, decom- 
posed by heat or by strong acids, good oxidizing agent, soluble in water, soluble in 
cold alcohol, more easily in hot; melting point, 3()2°(1 

Sodium Chloride (Common Salt) (NaCl). — (Colorless, transparent, cubic crystals; 
white crystalline j)owder, or translucent to opatpie lumps with pure alkaline taste; 
neutral reaction; generally slightly deliquescent on account of impurities, the pure 
salt is only slightly hygroscopic; (Tackles when heated; soluble in water, with slight 
lowering of temperature; soluble in alcohol, the solubility incTcasing with the tem- 
perature; insoluble in ether; very slightly soluble in ether-absolute alcohol; melting 
point, 776°C., volatile at higher temperatures. 

Sodium Cyanide (NaCN). — White, deliquescent crystals, poisonous powder, 
crystallizes with difficulty, soluble in water. It is manufactured by melting sodium 
metal with ammonia gas and passing over red-hot ehan^oal. 

Sodium IHchromaie (Na2Cr207.H*i0). — Thin, hyacinth-red, deliquescent, triclinic 
prisms, soluble in water — inoni so than Na2(vr04; loses its crystalline water at 1 10°C., 
melts at 320°('., and decomposes at 4()0°(^ 

Sodium Fluoride (NaF). — C'lear, colorless, lustrous, sometimes opalescent, cubical 
crystals, with alkaline reaction; more bitter taste than dectrepitates when heated; 
very slightly soluble in cold water; heating does not increase sedubility; almost insolu- 
ble in alcohol, melting point, 902°(^ 

Sodium llydrnxidv ((''auslic Soda Lye) (NaOII). — White, hard, brittle, very 
dcliqu(‘scent sticks or amorphous powder, with strong alkaline reaction; absorbs CO 2 
from the air; dissolves in waler with evolution of gn'at Imat; ('asily soluble in alcohol, 
wood s])irit, or glyiuTin; soniewhat soluble in ether, nnjlts below rod heat, volatilizes 
at very bright ivd heat or higluT than KOIl. In ol(M‘trochemistry it is the raw 
material of the ( 'astiUT pi oc(*ss for the manufacture of metallic sodium. 

Sodium Nitrate (Chile Saltpeter) (NaN().d — (Jolorloss, .slightly deli quesc.ent, trans- 
parent, rhombohedral crystals, that are nearly (aibical, with saline, slightly bitter 
taste; soluble in water, with lowering of temperatun‘; soluble in solutions of several 
salts of alkali metals; soluble in alcohol; melting point, 31G°C. 

Sodium Fertforate fNallOn.l I1>0). — White crystals with about 10 p(T cent active 
oxygen, soluble mi about 40 parts of water at 20°O., with slightly alkaline nmetion; 
lilxTates with dihit(‘ acids; d(‘composed by comaMitrati'd 112^04 with formation 
of ozone; evolvi's oxygen wh(*n heated to above 00®C.; is decomposed by catalyzers, 
ferments, and animal tissu(\s. 

Sodium Peroxide (Na^Os). — Yellowish-white, amorphous powder; deliquesces 
gradually in air and absorbs (Xl^, forming solid Na2CX)o; easily soluble in water, with 
evolution of much hc'at, and formation of NaOlI; a good oxidizing agcnit; evolves 
oxygen when hent(*d. It is ])repared b}' subjecting small pi(H*cs of metallic sodium to 
dry air heated to about 30()°C\ 

Sodium Pen<ulphate (NiVoSoOhY —White, crystalline i)owd(T, soluble in water, 
strong bleacher and antiseptic like the potassium salt. 

Ammonium (NII4) — This is a radical that acts like an atom of a univalent 
metal. It has never been isolated, and is known only in combination with acid 
radicals in ammonium salts, which give no flame coloration. It occurs in small 
amounts as carbonate and nitrate in the air, as ammonium chloride in the fissures 
of active volcanoes. Ammonium derivatives are formed by the decay of many 
organic substances containing nitrogen, albumen, and urea, and in a similar way 
by the dry distillation of many nitrogenous substances, such as coal, horn, and 
hair. 
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Caesium (Ce, atomic weight, 132.9; specific gravity, 1.88; melting point, 
26®C.). — It is a silvery-white, soft, ductile metal, oxidizing easily and rapidly in 
air, with the production of heat and light. It decomposes water violently at 
ordinary temperatures, with ignition of the hydrogen evolved. It was the first 
metal to be discovered with the sj)cctroscope and is distinguished by two bright- 
blue lines in the spectrum. It is one of the softest of metals, and has the following 
electrical conductivity : 


Solid at 19.3°C 4.74 X in'* reciprocal ohms 

Liquid at 30°C 2.73 X lO^* reciprocal ohms 

Liquid at 37°C 2.70 X 10^ reciprocal ohms 


Heat of formation of CsOH, 101.31 cal. 

Caesium is not a rare element, strictly spciiking — it is found almost everywhere, 
though in small amounts. It ropkices potassium m many feldspars and micas, as well 
as in many rocks carrying these* minerals and the waters oozing from them. Pollu- 
cite, a mineral elos(*ly relat(‘d to leueite, found at Elba, and eiystallizing in the regular 
system, is a typi(;al caesium mineral, having the composition (SiOalg.ALCs^Ha. 

Metallurgy. — The best soiiree of eaesium is the residue loft after the extraction 
of lithium salts from lepi(lolit(*. This residue consists of sodium, potassium, and 
lithium chlorides, together with small quantities of caesium and rubidium chlo- 
rides. The latter are separated from tlu* r(*st by repc'atecl fractional crystalliza- 
tion of their dou))le platinum cliloridos, vvhicli are much less soluble in water than 
those of the other alkali medals. Reduction of th(i inixturo by hydrogen and 
extraction by water yield tlie caesium and rubidium (djiorides. 

Other moxins of S(i])arating tlio two from the* moj*e fiomrnon alkalies arc to convert 
them into double edilorides with stannie chloride, and into alums, which are very 
slightly soluble in a solution of potash xilum. In order to separate cxiesium from 
rubidium, use is made of tin* different solubilities of th(*ir various salts. The bitar- 
tratos«and alums have b(*en trie'd, also tlu* double chloride of^i^aesium and antimony, 
the corresponding compoiind not being formed by rubidium. Caesium is also 
obtained by heating the hydroxidi; with magnt'sinm or aluminum, as well as by heating 
the chloride with metallic calcium. In the latter ease a special V-shapod tube is used, 
and the reaction starts betwec'ii 'l(X) and 500"(\ The m(?tal has also been obtained by 
electrolysis of a mixture of eaesium and barium cyanides. 

Chief Compounds. — Cnedum Bromide (CsBr). — Colorless, crystalline powder; 
used in nervous heart palpitation. 

Caesium Carhnnate (CS 2 CO 3 ). — White, deliquescent, crystalline powder; used 
in brewing and in the manufacture of mineral waters. ^ 

Caesium Chloride (CsCl). — Colorless crystals, also used in brewing and tlie 
manufacture of mine}ral waters. 

Caesium Hydroxide (CsOH). — Colorlc.ss or yellowish, very deliquescent crys- 
talline mass, with strongly alkaline reaction. 

Caesium Sulphate (CS2SO4). — Colorless, prismatic crystals; used in brewing 
and in the manufacture of mineral waters. 

Rubidium (Rb, atomic weight, 85.4; specific gravity, 1.52; melting point, 
38.5®C.). — It is a silvery- white metal, oxidizing rapidly on exposure to air, aqd 
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decomposing water very rapidly. It closely resembles caesium and potassium 
in its general properties. ’'Fhe rubidium salts are generally colorless, mostly 
soluble in water, and isomorphous with the corresponding potassium salts. 

Rubidium is found in the minerals lepidolite, pctalite, and in various specimens of 
mica and of camallite, and in some mineral waters. It also occurs in tea, cocoa, coffee, 
tobacco, and in the ashes of beet root. It was discovered in the spotjtroscopic exami- 
nation of the residues obtained on evaporation of water from a mineral spring at 
Dtirkheirn, being characterized by two distinctive red lines, which give it the name. 
The best source of rubidium salts is the residue left aft(*r extracting lithium salts from 
lepidolite, the method of separation being based on the different solubilities of the 
platinochlorides of potassium, rubidium, and caesium in water. 

Rubidium is prepared by distilling the carl.)()nate with carl^on (an explosive 
compound similar to that obtained from potassium and cairbon monoxide is likely to 
be fornuid simultaneously); also by reducing the hydroxide with aluminum, reducing 
the hydroxide with magnesium, and by heating the fused eldoride with calcium in an 
exhaustetl glass tube at 400 to 500°(\ The fused chloride has been (ileirtrolyzed in a 
nickel vessel, with an iron-wire cathode and an iron-cylinder anode. The product on 
cooling was opened under pyridine cooled by a freezing mixture. Further notes on 
rubidium metallurgy will be found on p. 1403. 

Chief Compounds. Rubidium Bromide (UhHr). — (Vilorless, crystalline 
powder, soluble in water, and used for e])ilcps.y, delirium tremens, headache, 
and insornnia. as potassium bromide is us(m1. 

Rubidium Carbonate (Rb^OOa). — Deliquescent crystals or deliquescent white 
powder, soluble in water and acids. 

Rubidium Hydroxide (RbOH).—- Clrayish-whit(* deliciueseimt mass, soluble 
in water and acids; used in manufacture of glass. 

Rubidium Tartrate (RbC4li60c). — CVdorless crystals, soluble in water; used 
for nervous palpitation. 

Lithium (Li, atomic, weight, 7.0; specific gravity, 0.50; melting point, l.S0°C.) 
It is a silvery- white, syft metal readily oxidized on exposure to the air. It ,bjirns 
on ignition in air, and when strongly heated in nitrogeui atmos])here forms lith- 
ium nitride (Li.sN). It decomposes water at ordinary tenqx'ratures, causing 
the evolution of hydrogen and the formation of lithium hydroxide. 

Electrical condiuitivity of lithium : 

At 20°C’. 11.4 X 10^ recii)roca.l ohms, or about 20.4 per cent of conductivity of 
hard silver. 

At 230°C^: 


Solid lithium 7.88 X 10^ reciprocal ohms 

Liquid lithium 2.21 X 10^ reciprocal ohms 


Spectrum has two sharply defined lines, a weak yellow line, Li/3 of wave length 
G, 104, and a bright red line, Lice of wave length G,708. 

It is only found in combination, and is a constituent of the minerals petalite, 
triphyline, spodumene, and lepidolite or lithia mica. It occurs in small quantities in 
sea, river, and spring water, and is also widely but very sparingly distributed through- 
out the vegetable kingdom. 

It may be obtained in the form of its chloride by fusing lepidolite with a mixture of 
barium carbonate and sulphate and potassium sulphate. 'J'lie fused mass separates 
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into two layers, the upper of which contains a mixture of potassium and lithium 
sulphates, which is lixiviated with water and converted into the mixed chlorides by 
adding barium chloride, the solution evaporated and the lithium chloride extracted by 
a mixture of dry alcohol and ether. It is obtained as metal by heating dry lithium 
hydroxide with magnesium. It may also be made by electrolyzing the chloride in 
pyridine solution with a carbon anode and an iron or platinum cathode. Another proc- 
ess is toelectroly%e a mixture of bromide and chloridewhich has a melting point of 520®C. 

Chief Compounds. — Lithium Bromide (LiBr) — White, deliquescent, slightly 
bitter, granular powder, soluble in water. 

Lithium Carbonate (LioCOa). — I^ight, white, alkaline powder, soluble in water 
and dilute acids, insolulde in alcohol. 

Lithium Chloride (LiCl). — Colorless, d(*liquescent, crystals, with sharp alka- 
line taste. It is used the same as the carbonate, also in pyrotechnics and in the 
manufacture of mineral waters. 

Lithium Hydroxide (TiiOII). — White, caustic powder, with acrid alkaline taste; 
melting point 445°C.; heat of formation, 111.0 cal. Used in certain types of 
storage batteries. 

Lithium Iodide (Lil). — White, deliquescent coarse powder, soluble in water. 

Lithium Nitrate (LiNOa). — Deliquescent, transparent crystals, soluble in 
water and alcohol. 

Lithium Sulphate (Li^SO-i). — Colorless crystals. 

Lithium Cyanide (Li('N). — Wliite crystals, used in Roentgen ray experiments. 

The Alkaline Earths. Calcium, Strontium, Barium, Together with Beryllium. 
The metals of the alkaline-earth group are bivalent and heavier than water, 
which they deeonii)()se slowly at ordinary temperatures, with the evolution of 
hydrogen and the formation of difficultly soluble hydroxides of strongly alkaline 
reaction. The salts are mostly colorless and insoluble in water. The halogen 
compounds, nitrat(^s, nitrit(‘s, and acetates, are soluble in water. The carbon- 
ates arc insoluble in water and ar(‘, deconif)osed on ignition into carbon dioxide 
and white, infusible, strongly luminous metallic oxides: RCO^ = RO 4- CD 2 . 
BaC ®3 is an exception to the general rule. It loses its OO 2 only when heated to 
a white heat, and the oxide is not very luminous. 

1'he sulphates and the oxalates are very dillicultly soluble, the barium sulphate 
bf'irig the most iiisolu])le and e.alcium sulphate tlie iiK)at soluble. Of the oxalates the 
calcium salt is tin' most insoluble. The metals of this group form oxides of the general 
type RO, and peroxides corresponding to the formula RO 2 . I'lie latter, on treatment 
with acids, give hydrogen peroxide and salts corresx>onding to the oxide RO: RO 2 + 

2HCI = RCU + IUO 2 . 

Calcium* (Ca, atomic weight, 40.07; specific gravity, 1.57S; melting point, 
S10°C.; boiling point, 1400°C^(‘0; hardne.ss on Rynabey scale, 1.3 (Mg = 2, Sn = 
1.8, Pb = 1.5, K = 0.5). — Tends to clog a file or saw, but can be easily turned, 
hammered cold into thin sheets, and swaged intf) rods. Tensile strength about 
512 kg. per square centimeter; heat of combustion per gram etjui valent, 80.097 
cal.; specific heat between-lSO and -f-20°C., 0.1574. It is a lustrous silvery- 
white metal that oxidizes easily and (pdckly tarnishes to yellow in air, it decoin- . 
poses water with the evolution of II 2 . Calcium salts color the bunsen flame 
orange. 

^ Acknowlcdgrurnt is here made to Dr C Dantaizon of the General Electric Co. for use of hw 
personal notes on calcium. — Editoh. 
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Calcium is widely distributed in nature. It is found in enormous deposits in all 
stratified formations as carbonate (limestone, marble, chalk), often rich in petrifications. 
The carbonate (CaCOa) is dimorphous, crystallizing in rhombohedrons as calciteand 
in the orthorhombic system as aragonite. Calcium also occurs in large masses as 
sulphate, partly as monoclinic crystallizing gypsum (CaS04.2n20), and partly as 
anhydrite ((^aS04), which crystallizes in the orthorhombic system. Calcium also 
occurs as fluorite (CaF2), whicli crystallizes in the isometric system with perfect 
octahedral cleavage; as apatite, C’a4(P04)3.CaCl, which belongs to the hexagonal sys- 
tem; and, finally, in innumerable silicates, such as the monoclinic wollastonite (CaSiOa), 
and the tricliiiic ariorthite (C^aAl^J^iiOh). Tlic calcium minerals arc the chief repre- 
sentatives of several important, isomorphous groups. 

Calcium is one of the most important of the metals in the arts. As the metallic 
element alone it is made into an alloy with lead, for use in certain bearings. 

It is a i)owerful reducing ag(mt, and is used to limited t^xtent as a, deoxidizer and for 
removing nitrogem from jdloys. It acts also as an absortxuit for gases, Hg and N2 in gas 
analysis, is a constituent of liglit aluminum alloy, and is a hardening component in 
certain lead-base antifriction alloys. 

Its average roiupressilulity at 20°C., is 5.7 X lO"**' between 100 and 500 mega- 
bars per square eontinndc'r. Its specific (dectrical resistance at 0°C. is 3.43 
microhms per centimetcT cube; temperature coefficient, 0.00457 per degree 
Centigrade; electrical conductivity at 20°(\, 45.1 compared with silver at 100; 
heat of hydration of calcium ions, 344 cal.; ionic radii of calcium ions, 1.25 A. 
Calcium vapor is not ionized by heating to 7tM)°C. Pure calcium is passive toward 
N 2 . When h(‘ated in hydrogt'n, calcium hydride is formed. Calcium can abstract 
sulplmr and j)hosp}iorus from iron. C-alcium is vigorously attacked by fluoriiKJ 
at ordinary t(Mnperatur('S. At 400°C. (dilorinc attacks it with incandescence. 

Heated to dull redness in 11(3 g:is, calcium glows and forms ('aCb. Sodium dis- 
solves calcium at liigh teinpc'ratures and calcium crystallizes out again on cooling, 
forming two layers. Cvilcium forms brittle alloys with Mg, Zn, and Ni, which decom- 
pose HaO. Calcium vigorously attacks Sn, but the allov retains only a little calcium. 
It does not alloy to largo ext(*nt with Pb or Sn. Rubbed up with Hg it forms an amal- 
gatn. Alkali oxides, Nh, K, and Li, are reduced to metals by calcium on heSiting. 
Alkali hydroxides are also redmasl with detonation. At 300°(k it reacts with sulphur 
to form CaS2. 

Metallurgy. — A great many attempts have been made, but unsuccessfully, 
to obtain tlie metal by chemical means, although almost pure metal can be made 
by reducing the iodide with metallic sodium.^ Electrolysis with calcium chloride 
solution and a mercury cathode yields an amalgam very difficult to separate, 
and the resulting calcium is a i)owder. Calcium has been obtained by electrolyz- 
ing a fused mixture of sodium and calcium chlorides, also with calcium iodide at 
a low red heat, using a nickel cathode and graphite anode. Th(j most important 
process, used commercially, consists in the electrolysis of calcJum chloride or a 
mixture with fluorspar, with a grajffiitc anode in a fire-brick vessel. 

However, it may be noted here that, while Wohler recommends an electrolyte of 
1(K) parts CnCl2 and 17 parts CaF2, and this electrolyte was apparently adopted in the 
Ratheiiau process, Frary, Bicknell, and Tronson concluded in 1909 that pure CaCU 
free fmm water and all other halides, was superior to the chloride-fluoride mix.® 

> Moibran, Compt. reml , (1898), 1753-17.'>8 

“ T’rans. Am. Electroohem. Soc., 16 (1909), 185-195 
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Bunsen is said to have prepared calcium as early as 1854 by electrolyzing an aque- 
ous solution of the chloride with a mercury cathode and then distilling off the mercury.^ 
Calcium is soluble in molten but not in solid sodium, so that if calcium iodide and a 
considerable excess of sodium be heated together in a steel container at approximately 
750®C,, the iodide is reduced and dissolves in the metallic sodium, from which it 



crystallizes on cooling. The remaining sodium is removed with absolute alcohol, 
and Moissari says the product is 99.2 per cent pure. 

The earlier attempts at a large-scale production r(‘sulted in the development by 
Borchers and Stockem of wliat may be designated as the “submerged cathode” type 
of cell. Fig. 6 is a diagrammatic representution of such a cell. A graphite shell, A, 



is closed at the bottom by a water-cooled plate, /?, to whicli is fastened the upright, 
water-cooled cathode, 1)^ concentric with A. The shell and cooling plate are separated 
by an insulating ring, H, of as})estos or mica. Electrural connections are made to the 
cooler plate and to the graphite sliell, as at F. The floor of the cell is covered with a 
layer of powdered calcium oxide or calcium fluoride, I. 


Ann. Pkys., 92 ( 1854 ), 251 . 
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Operation of the cell is started by filling it with molten calcium chloride and elec- 
trolyzing. The calcium collects as at (7, on the central cathode, and the chlorine is 
evolved at tlic iniujr surface of the graphite shell. The cooler plate maintains a layer 
of solid calcium chloride, li, on the bottom of the cell. The originators of this cell 
operated it under such conditions of current density and temperature that a sponge of 
calcium was form(;d about the cathode. This sponge was compacted by pressing and 
the chloride removed. The calcium content of the resulting mas^ was from 50 to 
90 per cent. 

Rathenaii developed an improved type of cell based on building up a rod of calcium 
by using a cooled cathode that just txiuches the surface of the fused electrolyte and 
moving the cathode up as the electrolyzed metal accumulat(*s on it. 

A diagrammatic representation is given in Figure 7. A is a graphite container for 
the fused electrolyte, B, which is cooled on the bottom by a water-jacket, C. 'Jhis 
maintains a solid mass of electrolyte, 7>, on the bottom. A jai^ket, F, of fine graphite 
and lamp black protects the container A. Two water-cooled graphite plates, G, G\ 
form the anodes. II is the cathode. 

On electrolysis a layer of metallic e.alcium is formed at the lower end of this rod on 
the surface of the electrolyte'; the rod is gradually raiscul by means of a small shunt- 
wound direct-current motor, 7i’, with variable speed, th(' thickness of the layer increases, 
and ultimately a rod of metallic calcium is forimul as a continuation of the iron 
cathode. Tlu' bath is warnu'd at the start by means of (Uirrent from a bO-cyck^ 
induction regulator. The electrolyte is at a higher temperature near the cathode than 
the bath proper. The thickness of the calcium rod is kept at about 2 mm. by the 
adjustment of the motor speed to the resistance of the calcium electrode*. 

With too low temperature, calcium is formed in a voluminous spongy mass. 'Phis 
conditkin is obviatiMl by raising the anodes slightly to raise the temperature. Too Jjigh 
tcrtiperature causes too much calcium to remain molten and requires rapid regulation 
to avoid arcung. The anode effect is not troublesome unli'ss tlie current density exceeds 
the critical value. Anhydrous calcium chloride is found best and is obtained by 
dissolving jmre calcium chloride in a little water, adding a small amouni of ammonium 
chloride, boiling to soliclification, and then dehydra ting after adding further ammonium 
chloride in a muffli^ at 40()°('. Treating the fused salt in the c('ll with a small amount 
of metallic, calcium before electrolysis has helped to start the action. Rods S.'S cm. long 
and 7.5 mm. in diameter are obtained. These rods may be made into wire or she^t by 
forging and rolling eithi'r hot or cold. Brief annealing at S50°(l removes the brittle- 
ness due to cxci'ssivc work. The metal is extremely plastic between 300 and 400°C>. 
and analysis shows about l.OS per cent Cl, etc. 

Cold-rolled metal has a specific gravity of 1.4(3 and a resistivity of 0.77 micnihms 
per centimeter cube at 22°(1 

The (‘lectrolysis of C^aC^la is carried on at a temperature v(*ry little above its melting 
point, 800®C\ The heat due to the current is sufllcient to keep salt mi'lted in the 
upper part of th(* cell. The c.urrent density is 0.3 amp. per sipiare deiumeter. Aver- 
age voltage, 25, and ampere efficiency is better than 80 per cent. 

3.24 

The energy efficiency was SO times equals 10 per cent where 3.24 equals 

the decomposition voltage of fused at S00(y°.; 1 kg. of calcium reipiires 42 kw.-hr. 

Calcium is also produced by thi? electrolysis of fused CaCh with 15 per cent 
KCl. The current density is 60 to 1 10 amp. per square decimeter. The ampere 
efficiency is 75 to 90 per cent. An electrolyte of (yaClj. with 60 per cent KCl did not 
give a coherent stock of cah'ium, probably due to an alloy of calcium and potassium. 
P. H. Brace^ gives the following for a 500-amp. Rathenau cell. 

* Chem Met Eng , July 20, 1021. 
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CoNTAiNBB, Acheron Gkaphite 

Outside diameter 

Inside diameter: 

Top 

Bottom 

Depth 

Total workflible anode area 

Average running area 

Charge 

Cell works at 25 to 30 volts and 400 to 500 amp. 


.... 12 in. 

. ... 11 in. 
. . . . 10^ in. 
... 9 in. 

. 80 sq. in. 

60 sq. in. 
25 to 35 lb. 


But it may be noted that in a graphite eell there is a tendency for the graphite to 
flake off and (Hmn; in contact in the cell with the fused calcium, forming carbide, and 
thus contaminating the calcium. Therefore fire brick witli two emlaalded (dectrodes 
is now considered preferable. A good rate of lift in pra(‘tice has been found to be 0.05 
to 0.1 (iin. per minute. 

During the first 20 min. of the electrolysis no calcium is formed, hydrogim gas being 
given off at the cathod(\ It appears to b(‘ impossible to jiroduce calcium chloride 
without some calcium oxycddoridc (( JaOHCl), and until this isde(U)mpos(‘d by electroly- 
sis no calcium forms. 

Chief Alloys and Compounds. — (Calcium can be used to reduce the oxides of 
many of the rare metals — U, Zr, V, and I'i, for example — the so-(^alled Wedekind 
reactions.^ It is also used in the hot-cathode rectifier to (dean uj) the argon gas. 

Calcium Bisulphite (('aSOs dissolved in IIiSO^ solution). -A licpiid with strong 
sulphur dioxide odor used largely in the manufacture of sulphite cellulose and in 
pa) per making. 

Calcium Bromide (C-aBra). — White, very deliquescent lumps or needkis, with silky 
luster, sharp saline taste, very soluble in water or ak-ohol, absorbs Nils. 

Calciurn Carbide (CaC^2). — Grayish -black, irregular luinjis, decomposed by water, 
with evolution of acadylene gas, and residue of slaked hmc. The acetylene formed may 
be taken up by acetone, which will hold 60 per cent of its weight of the gas in solution. 
Specific gravity, 2.22. It is used for tin* generation (if acetylene gas for lighting pur- 
poses (1 kg. of carbide yields 2S0 to 300 1. of acetylem*), as a reducing agent — as for 
direet* reduction of copper sulphide to metallic cop])er~-afi signal fires formaline 
service, and in the manufacture of calcium cyanide m the f(‘rtiliz(*r industry. 

Calcium Carbonate ( Limestone, Marble, and so forth) (()a(X)3). —Native crystalline 
(^aCX^a varies from thin tubular to long, prismatic crystals, and from transparent to 
opaque. Calcspar is generally colorless, in liexagonal rliombohedra; anigonite, color- 
less, trimetric, right rhombic prisms; marble, massive and crystalline; chalk and preci- 
pitated CaCOa, fine, white, or gray amorphous lumps or powdc'r, slightly soluble in 
NII4CI.A7., soluble in ll2C03.A(/.; soluble in dilute llGl, IINO3, and HC2II8O2 with 
the evolution of CO2; similarly decomposed by II2HO4, but leaving insoluble CaS()4; 
decomposed at full red heat into CaO and (X)2. 

Calcium Chlorate (Ca(C103)2.21l20. — Very deliquescent, colorless,' rhombic prisms; 
very soluble in water or alcohol; decomposes with (solution of (>2 when heated slowly; 
melts at about 100°C. in its water of crystallization when heated rapidly. 

Calcium Chloride (Ca(32.61l20). — Colorless, very deli(iuescent, hexagonal, pris- 
matic crystals; very soluble in water; melting point, 30®C., boiling point, 12TC. 
In the anhydrous form it is composed of white, deliipiescent, fibrous masses or dull 
lumps; the fused salt has a crystalline structure and alkaline reaction; is soluble 
in water or alcohol. 

» Am. Chem., 395, (1913), 149-194. 
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Calcium Flmride (CaF^). — White or grayish-white, fine powder, well-formed 
cubes; occurs in nature; insoluble in water, soluble in solutions of NH4 salts; soluble in 
cold concentrated HC‘l, PIh\ fl2SC)4, and UNO.,, but reprccipitatcs when the solutions 
are diluted; soluble in hot dilute IK.U; decomposed by liot H2SO4, with evolution of 
HF; the dry salt melts without decomposition at 9 () 0 °(y. 

Calcium^ Hydroxide (Water Slaked Ltws, (C\‘i(OH)2). — Generally found as white, or 
grayish -white, amorphous powder or lumps, rarely found as colorless^ six-sided prisms 
or tablets, with strong alkaline reaction; slightly soluble in water, forming colorless, 
alkaline solution, called limewatcT; less soluble than SrOaH-i, more than Mg02H2; 
soluble in NH4Cn.ylg.; alcohol dissolves only traces; whim moist it absorbs CO2 from 
the air, forming CaCOa; does not melt, but yields CaO and H2O at bright red heat. 

Calcium hydride forms at about 700 "(k when cahuum oxide is heated in a current 
of hydrogen. This compound reacts with water, liberating hydrogen. It has been 
used as a portable sourcre of hydrogcai for balloons. 

Calcium Iodide (C-al-d. — Yellowish-white, hygroscopic- masses, white powder, or 
colorless tablets; absorbs CT)2 and decomposes in air; very soluble in water or alcohol. 

Calidum Nitrate (C^a(NO.d2.A</-)- — (Vilorless, six-sided, monoclinic crystals, or 
white to yellowish whiter, radiated, deliquescent crystalline masses; very soluble in 
water, with evolution of much heat; soluble in glacial insoluble in HNO3; 

nearly insoluble in alcohol; melts at 44 °(\; boils at 132 °C'., remaining clear until about 
one-third of the crystalline water has gone, when the anliydrous .salt is deposited. 
Anhydrous C'a(N()3)2 melts at 5 t)l°C>., decomposes at higher temperatures, leaving a 
phosphorescent rn ass. 

The anhydrous nitrate, obtained by licating the crystallized salt, is very phos- 
phorescent, and constitutes “Baldwin’s phosphorus.” 

Calcium nitride is formiMl by c,ontact betwecai calcium and nitrogen above 3 () 0 °C. 
At 9 () 0 °(\ the reaction is rapid, the nal-brown C^‘i.jN2 being formed, which reacts 
with water to form ammonia. With ammonia thci reaction is 
6(^1 H- 2 N 11 ., = Ca..N2 + 3 C’all,> 

Li(iuid anhydrous ammonia dissolves calcium, forming calcium-ammonium. 

Calcium Oxide (Quirkhme, Burnt Lame) (( -aO). — Occasionally lustrous cubes, gener- 
ally hard; alkaline, infusible, white, or grayish-white lumps that gradually crumble on 
exposure to air; absorbs H2O and (’O2 on standing; decomposed by H2O, evolving 
much heat and formiujl ( 'aO^n j, which is slightly soluble; reac-ts with most ahifls to 
form salts; docs not change to GaO- when heat(‘d, but bec^omes incandescent (so-called 
limelight). 

Calcium Phofiphaie (Ga3(F04)2). — Light, white, odorless, tasteless, amorphous 
powder or masses, nearly insoluble in cold water; slowly decomposed by 
boiling water into a basic phosphate; .soluble in H( 3 , llN().j, 11.-}P()4, HC2II3O2, H2SO8, 
and in solutions of NH 4 salts; insoluble m alcohol; decomposed by H2SO4. 

Calcium Sulphate (C^.aS04.2l I .-O). —Transparent to white, six-sided, monoclinic 
prisms, or white powder; very slightly soluble in water; loses its crystalline water at 
8()°C., the anhydrous salt then sets up in a hard mass. 

Calcium Sulphide ((XaS./l//.). — Grayish or yellowish-white, amorphous powder 
with H2S odor; phosphorescent; sparingly soluble in water with partial decomposition, 
H2S being evolved; s<duble in acids; does not melt when heated. It is used in the 
preparation of luminous objects, such as match boxes, clock faces, and plates for hoiise 
numbers, also for preparing As-free H2S. 

Calcium Sulphite (CaS08.2ll20). — Small, lustrous crystals, or white powder that 
oxidizes slowly to CaS04 on standing; insoluble in water, soluble in H2SO3; loses its 
crystalline water at I 00 °C.; decomposed by lieat. 

Calcium Tungsitate ((k\W()4). — Fine powder or quadratic octahedra; insoluble in 
water, or dilute acids; decomposed by boiling mineral acids, with separation of 
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canary-yellow WO3. It is used in varying degrees of fineness for preparing screens for 
taking photographs by the Roentgen rays. 

Strontium (Sr, atomic weight, S 7 .G 2 ; sjiecific gravity, 2 . 54 ; melting point, 
800 °C). — It is probably never obtained pure, but is said to be a yellowish white, 
malleable, ductile, metallic element, somewhat harder than calcium or barium, 
which can be beaten into thin leaves, oxidize.s easily on exposure to air, decomposes 
in cold water, with the evolution of H2. Fusible strontium salts color the bunsen 
flame red, somewhat similar to the lithium red. Strontium melts at red heat and 
is volatile only at extremely high temperatur(*s. With dry NH3 at 60 °C. the 
metal forms strontium ammonium, which slowly decomposes in a vacuum at 20°C. 
giving Sr(NH3)2; with CO it gives Sr(CO)2; with oxygen it forms the monoxide 
and peroxide; and with HNO3 it forms the hyponitrite. 

Strontium occurs quite commonly with calcium, but usually in much smaller 
amounts. There arc only a few real strontium minerals. The most important of 
these are: strontianitc (SrCJOd, orthorhombic, isomorphous with aragonite; and 
celestite (SrS04), orthorhombic, isomorphous with barite. The metal as such is not 
in common use at present. 

Metallurgy. — The metal has been obtained by heating the hydride in a vacuum 
to 1000 °C. The hydrid(‘ was made by lieating strontium amalgam in a current of 
hydrogen. Strontium amalgam can be obtained by (‘leetrolyzing an a(|ueous solu- 
tion of strontium chloride with a mercury cathode, a liquid and a solid amalgam 
(Srllgii) being formed. This amalgam is h(‘ated and gives a mixture of Sr2Hg6 and 
SrHgfi, and an amalgam j)asseH over on distillation. The metal has also been 
isolated by electrolysis of the moist liydroxide or chloride*. 

Chief Alloys and Compounds. — Strontium Avvtatv (Sr(('oH3()2)2.^(/.). — White, 
crystalline ])owder, soluble in \vat(‘r. 

Strontium Bromide (SrHrL..()Tr..()). Fong, dcli(|uoscent, colorless or white 
needles, with bitter, saline taste; soluble in wat('r, slighfly soluble in absolute 
alcohol; molts in its erystallhie water; absorbs NH3. 

S&rontium Carbonate (SrCOa). — ( -olorless or white, trinititric, rhombic crystals 
resembling hexagonal pyramids, or white, v(‘ry fine, amorphous powder; insolu- 
ble in water; slightly soluble in NH4CI..47.; soluble in NH4N03..4(/.and H2C()3..4r/. ; 
soluble in dilute IICl, TTNOaand H( '211302 with evolution of ('O2; begins to decom- 
pose at 820 °C., losing CO2 slowly at 1100°C., but rapidly and more completely 
at white heat. 

Strontium Chloride (SrC'lo.GHoO). — White, hexagonal needles or powder, 
with sharp, bitter taste; soluble in water, insoluble in alcohol; used in the manu- 
facture of carbonate, and to some extent for red flames (in alcoholic solution). 

Strontium Dioxide (SrOi.HlIaO). — White powder, melts at red heat, slightly soluble 
in water, easily soluble in acids or NH4('l.i47., insoluble in NH4OH. Used for 
bleaching. 

Strontium Hydroxide (Sr ( 011 ) 2 . 81120 ). — Small, transparent, colorless, deliquescent, 
quadratic crystals, or fine, wliite powder; soluble in water, forming an alkaline solu- 
tion, less soluble than Ba(0]I)2, more than ('a(01I)2; soluble in cold NIl4Cl.i4qf.; 
absorbs CO2 from the air, forming SrCOa; loses jill its crystalline water at 100 ®C., 
then melts at higher heat, and finally yields SrO and H2O. It is used technically in 
the sugar industry for separating crystallizablc sugar from molasses, and in the 
manufacture of caustic alkalies from corresponding carbonates. 
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StronHuin Iodide (SrIi.6H20). — White or slightly yellow, finely crystalline, deli- 
quescent powder, or almost colorless hexagonal plates, with saline, slightly bitter 
taste; soluble in water. 

StrarUium Oxide (SrO). — Grayish-white, porous, infusible, caustic masses, occa- 
sionally regular cubes; absorbs CO 2 from the air, with the formation of SrCOa; soluble 
in water, with the evolution of heat and the formation of alkaline solution of Sr (OH) a; 
very slightly soluble in alcohol. * 

Strontium Phosphate (Sr 8 (P 04 ) 2 ). — White powder, amorphous or crystalline; insolu- 
ble in water; decomposes when boiled with water; soluble in HCl and H 8 P 04 .ilg. 

Strontium Nitrate (Sr(N08)2). — White powder used in pyrotechnics (red fire). 

Strontium Sulphate (SrS 04 ). — Colorless, rhombic crystals, when native; when pre- 
cipitated, it is a fine, white, amorphous powder. It is insoluble in water; sparingly 
soluble in HCl, HNOs, and HC 2 HSO 2 ; soluble in hot, concentrated H 2 SO 4 ; insoluble 
in NH4CI. Aq.; melts when strongly heated; decomposes at white heat. It is used in 
pyrotechnics. 

Strontium Sulphide (SrS). — White powder that turns yellowish, slowly on exposure 
to air; soluble in water, with decomposition; soluble in acids; phosphoresces like Ba8. 
Two polysulphides exist, SrS 4 and SrSs. It is used in luminous paints, because of its 
phosphorescent properties. 

Strontium peroxide (8r02) can be prepared over 85 per cent pure by heating SrO 
at 400 to 600°C. with oxygen at a pressure of 1,500 to 1,800 lb. per square inch.^ 

Barium (Ba, atomic weight, 137.37; specific gravity, 3.6). — Melts at red 
heat, higher than cast iron, but cannot be distilled ; burns in the oxyhydrogeii flame. 
It probably never has been obtained pure; said to be a yellow, slightly lustrous, 
somewhat malleable, somewhat metallic element; oxidizes easily in air; decom- 
poses cold water, with the evolution of II 2 . Fusible barium salts color the bunsen 
flame yellowish green. 

Like strontium, barium is almost always found associated with calcium, but only in 
small quantities. Thf most important barium minerals arc: withcrite (BaCOs), 
orthorhombic, isornorphous with aragonite; barite or heavy spar (BaS 04 ), ortho- 
rhombic, isoinorphous with anhydrite; and the hydrous barium aluminum silicate, 
harmotomc (BaAl2H2Si|0i6.4Il20). Harmotome crystallizes in the monoclinic system 
and belongs to the class of zeolites. 

There is no known commensal process for the recovery of the metal by chemical 
means. Barium chloride is electrolyzed in a cell with mercury cathode, forming an 
amalgam with 3 per cent barium, which is distilled at about 1000®C. to get the pure 
barium. The electrolysis is carried out at 100°C. As a metal it is used in some alloys 
with load. 

Chief Alloys and Compounds. — Barium Acetate (Ba(C 2 H 302 ) 2 .H 20 ). — White, 
flattened or monoclinic prisms, ve^ry easily soluble in water, insoluble in alcohol; 
the anhydrous salt is a white powder. 

Barium Carbonate (BaCOs). — Colorless or white, rhombic crystals, or white 
amorphous powder, or soft white friable lumps; insoluble in water; slightly solu- 
ble in NH 401 .A^.: soluble in NH 4 N 03 .Af/. or IIoCOB.Agf.; easily soluble in dilute 
HCl, HNOs or HC 2 H 3 O 2 , with the evolution of CO 2 ; melting point, 795®C. 

Barium Chlorate (Ba(C108)2.H20). — Four-sided plates or colorless, monoclinic 
prisms or white powder, soluble in cold water, less in hot water, only slightly 
soluble in absolute alcohol; decomposes when heated, giving O 2 at about 250®C., 
then a little Cl 2 ; melts at about 400®C. 

1 U. S. Patent 1325043. 
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Barium Chloride (BaCU. 2 H 20 ). — Colorless, flat, four-sided, xnonOoUnic ery 4 ts 9 a 
or white powder, stable in air, with bitter, saline taste; soluble in water, slightly 
soluble in alcohol; when heated it loses its crystalline water without melting. The 
anhydrous salt melts at 847 ®C. 

Barium Chromate {BaCr04). — Heavy, yellow, crystalline powder or small rhombic 
crystals; insoluble in water; soluble in HCl, HNOj, and H2Cr04.i4g'.; insoluble in 
HC2H3O2; used in yellow paint and Swedish matches. 

Barium Dioxide (Ba 02 ). — Coarse, heavy, grayish-white, amorphous powder, 
melting at full red heat, evolving O2; absorbs CO2 from the air, with the formation of 
BaCOs; insoluble in water; decomposed by boiling water; soluble in dilute acids, 
with the formation of Ha02. 

Barium Hydroxide (Ba( 0 H) 2 . 8 H 20 ). — White or colorless quadratic tablets, or 
white powder; absorbs ('O2 from the air, forming BaCOa; somewhat soluble in water, 
with the formation of a colorless, alkaline solution called baryta water; considerably 
more soluble than Sr(011)2; slightly soluble in alcohol; readily soluble in cold 
NIHCl.Ag.; the hydrated crystal melts in its crystalline water at 78 . 5 °C.; the amor- 
phous form melts at red heat, and yields BaO anti II at higher temperatures. 

Barium Nitrate (Ba(N03)2). — Colorless, transparent, lustrous, regular, octahedral 
crystals or white powder; somewhat hygroscopic; soluble in water; insoluble in con- 
centrated HNOj; much less soluble in dilute HNOs or IICI than m water, and still leas 
soluble in dilute H(J2H302; insoluble in absolute alcohol; solubdity in dilute alcohol 
increases with the temperature; melting point, 592 °C.; decomposes when heated. It 
IS used in pyrotechnics and analysis. 

Banum Oxide (BaO). — Occasionally colorless, cubical crystals, generally grayish- 
white, porous, amorphous masses; combines with O2 at about 45 ()®C. to form BaOg, 
which IS again reducf'd to BaO at higher temperatures. Takes up H2O and CO2 
on standing in air; soluble in water, with the eyolutiou of heat to form an alkaline 
solution of Ba(OII)2; easily soluble in dilute HNOi or llCl; soluble with combinatibn 
in absolute alcohol; with acids it forms the corresponding salts; used in the glass 
industry. 

Barium Sulphate (BaSO^). — (Colorless, rhombic crystals wlten natiye; when pre- 
cipitated it 18 a heayy, white, amorphous powder, insoluble in water, HCl, HNOj, 
HCJIaOi, and dilute H2WO4; soluble in hot concentrated H2SO4 or m fuming H2SO4; 
solubre in NH4N03.i4</., yery slightly soluble in NH4Cl../lr/. It is used technically 
under the designations ^‘blanc fix6” and “permanent white," as a water-color pig- 
ment for colored paper, and in wall paper as a size. 

Barium Sulphide (BaS). — Wliite, yellowish, or reddish amorphous powder, solu- 
ble in water with decomposition; oxidizes in moist air; when exposed to sunlight and 
then placed in the dark, it giyes off light. It is used for preparing As-free H2S. 

Barium Alloys. — Lcad-bariurn alloys are made, and the components of the eutectic 
are pure leail and PbsBa. This eutectic contains about 4.5 per cent barium and 
melts at 282 ®C. 
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ARSENIC 

By Walter C. Smith ^ 

Arsenic was not recognized as a metallic element until it was isolated by 
Schroeder in 1694; several of its compounds, however, were known from antiquity 
and were called arsenic. The name arsenic is used even today when the arsenious 
oxide is meant. Metallic arsenic is not used in the arts to a great extent, while 
the arsenious oxide (white arsenic of commerce) has many uses. 

Physical Properties.— The metal has a steel-gray color and shows a brilliant 
luster on fresh fracture; it is known in both the crystallirui and amorphous states. 
The crystalline form is very brittle. Other physical propt^rties are ; atomic weight, 
74.9G; number by Moseley^s arrangement, 33; specific gravity (crystalline), 5.727, 
(amorphous), 4.71; fracture, coarsely crystalline; crystallization, hexagonal; 
melting point, red heat under pressure in the absence of oxygen; boiling point, 
volatile at 450®C. without melting; specific heat (crystalline) Sm, 0.083; (amor- 
phous) Sm. 0.075S; latent heat of sublimation, 60 cal. per gram. 

Chemical Properties. — Arsenic is not changed in dry air, but in moist air 
it loses its color and brilliancy and slow4y changes into arsenious oxide. It 
burns with a bluish-white flame when heated in air, and gives off heavy white 
fumes of arsenious oxide, which have a characteristic odor resembling garlic. 

Nitric acid oxidizes arsenic to arsenious oxide and then to arsenic, oxide. Aqua 
regia yields a mixture of arsenious and arsenic compounds. Arstmic is soluble in hot 
concentrated sulphuric acid, but dilute acid does not attack it. Hydrochloric acid 
attacks it in the presence of air, feebly, to form arsenious chloride. It combines 
directly with chlorine to form arsenious chloride. It also combines directly?' with 
sulphur, when heated, to form arsenic sulphide. Metallic arsenic yields potassium 
arsenate when heated with niter or potassium chlorate. 

In solution; silver will replace arsenic and Her versa, depending upon conditions, 
but neither Fe, Ni, Co, Or, nor Mo will replace arsenic to a notable extent under any 
conditions. The single potential of arsenic {vs. calomel electrode = 0.577 volt) was 
found to be 0.55 in an AsCb solution of 1 g.-equivalent of arsenic per liter; and 0.54 
volt in a corresponding solution of \sl3. 

Uses. — As already indicated, only limited quantities of metallic arsenic are 
used. A small amount of arsenic is added to lead in making lead shot, as it tends 
to prevent the formation of imjicrfect shot when the molten metal is dropped in 
the shot tower. A very small jicrccntage of arsenic added to steel produces a 
metal which will take an extremely high polish. Arsenical copper is claimed to 
possess superior properties to pure copper for certain rolling and drawing 
operations. 

The chief arsenic compound of commerce is the arsenious oxide (AsaOj), trioxide, 
or white arsenic. This is used in the manufacture of glass, in the textile and paint 
industries, and in the manufacture of weed killers, insecticides, and medicines. 

1 Chcmloal Mid meUllurgicl enginwr, Baltimore, Md. 
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The boll weevil has in recent years wrought immense damage to the cotton crop 
of America. Investigations of the Department of Agriculture have developed a suc- 
cessful poison for this pest in calcium arsenate. The extensive use of this insecticide 
has increased the demand for white arsenic to such an extent as to cause a serious 
shortage. 

At a meeting of the arsenic producers and consumers held in New York during 
December, 1922, io consider this question, some interesting data were brought out, 
as follows: 

Estimated Consumption for 1922, Short Tons of AS2O3 


Arsenate of lead 2,000 

Paris green 1,200 

Sheep dips 1,000 

Weed killers 1,500 

Glass 2,000 

Proprietary mixtures 750 

1922 consumption as calcium arsenate 4,000 

Total 1922 consumption 12,45 0 


1923 estimated (ionsumption as calcium arsenate 12,000 

Estimated arsenic consumption 1923 .... . 20,450 

“Mineral Industry,” 1921, gives: Tonh 

Production for 1920 ... . . 11,502 

Imports 3,740 

Total supply 15,242 


The production for 1921 and 1922 was mu<rh hjss than this, be(;ause moat of the copper 
smelters, which are tlie most important producfsrs of AS2O3, were either shut down or 
were operated at a curtailed rate. 

The price of white arsenic has varied from IJi to 20 cts. per pound during the last 

fifteen years. In 1922 the price ranged from 6 to 15 cts. per pound. 

• 

Sources of Arsenic. — Arsenic, while not a})undant, is one of the most widely 
disseminated of all the metallic elements. It has been found in a number of 
place’s *in the native state, usually associated with other fnetals. It occurs as 
mispickel or arsenopyrite, in many cobalt and cobalt-silver ores. Nearly all 
pyrite and sulphide ores of copper and lead contain more or less arsenic, and it 
is from these latter ores that the bulk of the American supply of arsenic is derived 
as a metallurgical by-product. The most important American producers of 
arsenic are listed as follows; 


Company 

Location 

Source of arsenic 

/ 

Am. Smelting & Ref. Co 

Denver, Colo. 
Tacoma, Wash. 

Perth Amboy, N. J. 

Anaconda, Mont. 
Midvale, Utah 
Jardine, Mont. 

By-product lead smelting 
By-product copper smelting 
By-product copper and lead 
smelting 

By-product copper smelting 
By-product lead smelting 
By-product gold ore roasting 

Am. Smelting Ref. Co 

Am. Smelting & Ref. Co 

Anaconda Copper Mining Co , . 
U. S. Smelting Co 

Jardine Mining Co 
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Metallic arsenic is produced by the sublimation of mispickel or leucopyrite in the 
absence of air, and l^y the reduction of arsenic trioxidc with charcoal in cast-iron 
or steel retorts. The temperature and the pressure in the condensers have to be care- 
fully controlled in order to yield the crystalline arsenic. 

Previous to 1914 little or no metallic arsenic was made in the United States; 
about 50,000 lb. were imported annually, principally from Germany. The Hoskins 
Process Development Co.^ of Chicago, III., began the manufacture of metallic arsenic 
in order to supply the American market after the German supply had been cut off 
by the war. The arsenic of 99.5 per cent grade is made by the reduction of commercial 
arsenic trioxide with charcoal in a battery of four gas-fired furnaces as shown. Three 
of the furnaces take a charge of about 200 lb. each and the fourth furnace holds 450 lb. 
of charge. 

The charge is mixed in a rotary mixer in the proportions of 1 lb. of charcoal to 
4 lb. of arsenic trioxide. The capacity of the plant is from 250 to 300 lb. per day, 
or not less than 4,000 lb. of metallic arsenic per month. 



Fig. 1, — Arsenic furnaces, with condensers in background. 


The furnaces arc built of steel pipe, surrounded by fire brick, enclosed in a steel 
jacket and supported on a pipe frame. The charging end of the retorts is scaled with 
a clay gasket in which is embedded a M-iu- copper water pipe. The cooled surface 
condenses arsenic vapor and seals any leaks in the clay gasket. At the back of and 
attached to the retort is a w^ater-cooled condenser, which is vented by means of a 
water seal so as to allow the escape of the uncondensed gases. Figure 2 shows the 
left side of one of the furnaces. Two condensers are shown in the background of 
Fig. 1. 

The period of operation for the large furnace is about 10 hr., and for the smaller 
furnaces 7 hr. The gas is then shut off, and the retort and the condenser are allowed 
to cool before the condenser is opened for the removal of the metallic arsenic. Figure 
3 shows the discharge end of one of the furnaces. The metallic arsenic is removed 
from the condenser with a bar and hammer, and is then ready for packing and 
shipment. 

1 JONKB, C. H., Chem. Met. Eng., Nov. 17, 1920. 
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Production of White Arsenic. — The production of white arsenic is generally 
carried out in two stages: the production of a crude white arsenic, followed by a 
refining of this crude material. When arsenic-bearing materials, in which the 
arsenic exists in the reduced state, are roasted, the arsenic is volatilized and passes 
off with the gaseous products. Arsenic trioxide begins to condense at 218®C., 
hence the flue products caught in the cooler parts of the flue system cariy consider- 
able arsenic. More or less dust carried by the gases and other volatile materials 
can contaminate the arsenic trioxide, and these are removed in the refining 
operations. 

The roasting operations may be carried out in muffle, reverberatory, or one of the 
various types of roasting furnaces; coke, gas, or oil is used for fuel in reverberatory 
or roasting furnaces in order to reduce the danger of contamination of the product 
with soot. The crude arsenic trioxide is collected in cooling flues, bag houses, or by 
Cottrell precipitators. 

Crude White Arsenic from Metallurgical Products. — The arsenic carried by 
lead and copper ores is concentrated during the roasting and smelting operations 
in the flue products, which are c.aught in the cooler parts of the flue system. 
Lead bag-house dust, carrying 30 per cent arsenic, and copper furnace and roaster 
dusts, carrying 20 to 30 per cent arsenic, are not uncommon. The arsenic in 
these dusts exists largely in the form of the trioxide (AS 2 O 3 ). 

At one of the American plants the bag-house dust, carrying about 30 per cent 
arsenic, is mixed with a small (juantity of fine pyrite or low-grade lead sulphide con- 
centrates and is fed to the hearth of a Brunton roasting furnace. The pyrite is 
added to the dust in order to prevent the formation of non-volatile arsenites in the 
residue from the roast, and it also gives a clinkcred residue which makes a suitable 
blast-furnace feed. The Brunton furnace volatilizes from 75 to 90 per cent of the 
arsenic in the dust which is charged to it. The gases from the Brunton furnaces pass 
through a cooling flue*built in the form of a number of connecting rooms or chambers. 
Brick is usually employed in the construction of these chambers, or kitchens, as they 
are called. The tempf'rature of the giis in the cooling flue is so regulated AJjat it 
enters the first kitchen at approximately 220®C., and by the time it reaches the last 
kitchen it has dropped to 100°(\, or less. The crude arsenic trioxide collects in the 
kitchens and is removed at the end of the campaign for refining. This crude arsenic 
trioxide should contain from 90 to 95 per cent AsiO*. 

The crude A 820 * is resublimed in order to remove impurities; this operation is 
repeated until the desired purity is obtained. Reverberatory furnaces are used for 
this work and are fired with gas or coke. The furnace gases pass through settling 
chambers and then to the kitchens, where the refined arsenic trioxide is collected. 
The product should contain over 99 per cent AsjO*. 

Arsenic Production at Anaconda.^ — The main source of arsenic at Anaconda 
is the Butte copper ores. The concentrates from these ores average 1.6 per cent 
AS 2 O 3 . In the roasters the arsenic is reduced to 0.25 per cent in the calcined 
product, and in the smelting operations a part of the arsenic in the calcines is 
volatilized and passes into the flue system. 

The combined gases from all furnace operations pass through 2,500 ft. of flue sys- 
tem, and are then treated in the Cottrell precipitators before passing to the main 
stack for discharge to the atmosphere. The arsenical dusts from the main flue and 
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from the Cottrell treaters are smelted in a large reverberatory furnace located near 
the base of the stack, thereby volatilizing most of the arsenic and recovering the 
copper, silver, and gold in the form of matte. The gases from this furnace pass into 
a culvert at a temperature of approximately 1000®C. and are sprayed with water to 



Fio. 4. — Cottrell treaters and main stack, Anaconda Copper Mining Co. 


cool and humidify the gases. The cooled gases then pass to the first of two sets of 
Cottrell treaters (hot treaters), and then to the second set (cold treaters). The hot 
treaters collect about 28 per cent of the ars^c charged to the reverberatory as 
a product assaying 70 to 75 per cent AszOi and 0.2 per cent moisture; the cold treaters 
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catch about 17 per cent of the arsenic^ charged to the reverberatory as a dust assaying 
80 to 85 per cent AS 2 O 3 and 0.5 per crat moisture; and about 18 per cent more of the 
arsenic charged to the reverberatory is removed from the flue system as high-grade 
arsenic dust. The balance of the arsenic charged to the reverberatory furnace passes 
off in the slag and matte. Some of the flue cleanings car;y 30 to 50 per cent AsiOy, 
and are quite damp. These are stock piled for diying and then ^recharged to the 
reverberatory furnace. 

The arsenical dusts from the hot and cold treaters and the high-grade flue dust are 
sent to the arsenic roasters. When these dusts are treated in the refining furnace it 
is necessary to make two refinings in order to secure a soluble white arsenic for market 
purposes. It has been found cheaper to give these dusts a treatment in the arsenic 
roasters and then one refining. 

. ^ Arsenic-roasting Plant. — Three rows of McDougall roasters in the roaster 
building were remodeled into three sets of arsenic-roasting furnaces. A set 
consists of four 16-ft. six-hearth furnaces connected in scries for the gas flow. 
The first, or roasting, furnace has two fire boxes, on the third and fifth hearths 



Fig. 5. — Reverberatory stack and* hot and cold treaters. 


respectively, and is equipped with a special apron feeder for charging the dust. 
The other three furnaces in each set serve as the condensing chambers. The 
inside hearths have all been removed and a center vertical partition installed. 
This partition has an opening at the bottom to permit the passage of the gas. 
The gas enters each condenser at the top, passes down one side of the partition 
and up the other side, leaving at the top to enter the top of the next condenser. 
After leaving the last condenser the gas passes into the main dust chambers and 
flue system. The bottom sets of arms are left in each of the condensers and are 
operated periodically to remove the collected arsenic, which is then sent to tihe 
refining furnaces. 
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The roasting furnaces are operated at a $^perature of approximately 650^., 
as higher temperatures cause fusion of the i^densed arsenic in the condensers. 
Experiment has proved that 50 per cent AssOs is the maximum permissible in the feed 
to the roasters if a fusion of the material in the roasters is to be prevented; the high 
arsenical dusts, therefore, are diluted with a very fine flue dust. Copper concentrates 
and limestone weje tried, but did not prove satisfactory. It was found that better 
results were obtained when coni to the funount of 10 per cent of t^e weight of the 
arsenic dust was mixed with the roaster feed. 

The roasters yield a residue, carrying about 15 per cent AsaOs, which is sent to 
the main copper reverberatory furnaces for treatment. The crude arsenic trioxide 
removed from the condensers assays about 90 per cent AsaOa. 

The maximum capacity of a roasting furnace is 30 tons of charge per 24 hr., but 
20 tons of charge per day give the most efficient operation consistent with the ebst.,^ 
A smaller tonnage per furnace-day would volatilize a greater percentage of the arseni|| 
out of the charge, but the increased cost could not be justified. , 

Refining Plant. — Two refining furnaces of the reverberatory type have been 
installed. Each furnace has an overall length of 36 H ft., and a width of 14 fL; 
the hearths are 26 ft. long and 12 ft. wide. The main heartlis are made m 



Fig. 6. — Arsenic refining furnace. 


cast-ii'on plates. Two fire boxes are used, one at the back of the furnace, whose 
hot gases pass under the cast-iron hearth and back over its top, and the other at 
the front of the furnace, whose gases pass only over the hearth. 

The charge consists of 8 tons per fumace-day of the 90 per cent AssOa crude 
arsenic from the arsenic roasters. The charge is dropped to the hearth through open- 
ings in the roof, and is spread out with rabbles; part of the charge is dropped during 
the afternoon shift and the balance during the night shift. A thin layer of crushed 
rock is spread over the hearth before charging the furnaces to facilitate the removal of 
the residue after the arsenic has been volatilized. A special crew cleans the hearths 
on the day shift. Each refining furnace will treat 30 tons per day, when treating vei^ 
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high-f^rade dust or wben rerefining^^ High-grade material is dropped on all three 
shifts and the residue is removed once in two or three days. A temperature of 550'’C. 
has been found to give the best results in these furnaces. A draft of 0^05 in. of water 
gives satisfactory results. The volatilization of about 80 per cent of the arsenic in 
the 00 per cent AbjOs material fed to the furnace gives the most economical opera- 
tion. The rcfining-furhace residues are smelted in the stack reverberatory. 

Condensing Kitchens. — Three sets of chambers are used for handling the gases 
from two refining funiaces, two of these chambers being used while the third is 
being cleaned. Each chamber is approximately 225 ft. long and is divided into 
thirty-nine kitchens. The kitchen nearest to the furnace is larger than the others 
and is used for settling the non-arsenical dust. ‘Its temperature is about 295®C., 
or above the condensation temperature of AS2O3. The gases cool as they pass 
through the kitchens by radiation and leakage, and leave the system at from 90 
to 100®C. Most of the arsenic settles out in those kitchens which have tem- 



Fig. 7. — Arsenic barrelling plant. 


I)eratures from 180 to 120°C. The kitchens nearest to the furnace contain a fused 
or amorphous arsenic, black in color, and carrying about 95 per cent AB2O3. 
This material is rerefined. The material in, the succeeding kitchens increases in 
arsenic content to 99.9 per cent AszOs, and is White and crystalline. The grade of 
the dust diminishes in the last kitchens, and changes to a fine white powder. 

Bag House. — The gas leaving the last kitchen contains a very fine arsenic 
dust which will not settle in the kitchens, and this dust is caught in a bag house. 
The two refining furnaces deliver approximately 18,000 cu. ft. of gas per minute 
at the outlet to the last kitchens. This gas is forced through the bags by a No. 11 
Sirocco fan. The bag house contains two sections of 100 bags each; the bags are 
30 ft. long, 18 in. in diameter and are made of wool. The bags are shaken once a 
shift, the dust falling into hoppers, from which it is drawn. The bag-house prod- 
uct assays about 90 per cent AsaOa, and is sold as crude arsenic or is rerefined. 
The life of the woolen bags is satisfactory except when materials carrying too 
much acid are treated in the refining furnaces. 
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Pftckuig. — At the end of each refining campaign the kitchens are sampled^ 
and the samples are run for total arsenic and soluble arsenic. The product is 
then graded and packed in barrels of 500 lb. each; it is made into 50,000-lb. 
Jots and sold as white soluble, white insoluble, or crude arsenic. The capacity 
of the packing room is 18 tons per 8-hr. day. The white insoluble arsenic can 
be changed to the white soluble by rerefining if market conditions demand. 

Manufacture of White Arsenic by the Jardine Mining Co.^ — The Jardino 
Mining Co., at Jardine, Mont., treats a low-grade gold ore containing arseno- 
pyrite in the following manner: The ore, carrying about $7.50 in gold per ton 
and 5 per cent arsenic, is first concentrated, yielding a concentrate assaying 2 
to 3 oz. in gold per ton and 38 per cent arsenic. The concentrate is then treated 
in a reverberatory-type roaster fired with soft coal, and the arsenic trioxide i^ 
collected from the gases in a series of chambers or kitchens. The waste gases ' 
are sent to a stack, the top of which is 250 ft. higher than the furnace. The 
arsenic trioxide produced from the concentrates is not white; it is, therefore, 
stored until enough has been accumulated for refining. It is then refined in 
the same furnace, except that a coke fire is used instead of a coal fire. TJie 
calcined concentrates are shipped to the smelter. The capacity of the arsenic 
plant is 100 tons of oxide per month. The mill is treating approximately 150 
tons of ore per day, and the yield of arsenic is about 57 to 05 per cent. 

Manufacture of Arsenic Trioxide from Arsenical Pyrite. 2— The arsenical pyrite 
is crushed by jaw crushers and is then ground in ball mills. The ground product 
is washed to remove as much foreign matte r as possible, and dried. The drying 
was formerly done on the top of the roasting furnace, but this method cools the 
furnace and reduces the roasting efficiency. At present the drying is done in \a 
mechanical drier, which is equipped with a screw conveyor for stirring and pro- 
gressing the charge. 

• 

The dried concentrate is charged to the top of a n)asting furnace of the MacDougall 
type, 18 to 30 ft. high and 10 to IG ft. in diameter. The rabble arms rotate at a speed 
of 5 r.p.>m., but even at this speed some dust is carried out of thei^iaster with the gases, 
and this dust must be separated from the gases before they pass to the condensing 
chambers. This is done by a dust scparat<»r placed at the gas outlet of the roasting 
furnace. This separator consists of an insulat(*d chamber containing two rotating 
screens of fine mesh provided with revolving brushes for cleaning. This arrangement 
removes nearly all of the solid matter in the gases and offers but little resistance to 
the flow of the gases. The cleaned gases are then drawn by a fan through the condens- 
ing chambers. 

The condensing chambers are made of sheet lead and are divided into a number of 
smaller compartments by sheet-lead baffles which increase the condensing surface. 
Water sprays are introduced into the chambers to facilitate the condensation of the 
arsenic trioxide and to flush the condensed material out of the chambers into a col- 
lecting tank. Lead is the only metal which will withstand the action of the sul- 
phurous acid generated from the sulphur in the concentrate. 

The mixture of water and arsenic tiioxide is then filtered in vacuum filter tanks and 
the moisture content is reduced to 20 to 25 per cent by the addition of some dry arsenic 
trioxide. It is then passed through a rotary drier, which is lined with porcelain to 
prevent sticking to the sides of the drier. The drying temperature employed is about 
180**C., in order to prevent the loss of arsenic by sublimation during drying. 
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The crude arsenic trioxide is refined by sublimation. Furnaces 10 to 14 ft. in 
diameter, equipped with cast-iron hearths and rotating rabbles, are used for this 
operation. The crude arsenic trioxide is charged to the furnaces through openings in 
the roof. The proper temperature has been found to be 245®C. Approximately 
70 parts of fuel are required for each 100 parts of refined arsenic trioxide. 

The final condensation takes place in lead-lined wooden ch|imbers containing 
baffles and placed over a trough which carries a porcelain screw conveyor for the 
removal of the collected material. About 0.65 lb. of arsenic trioxide is condensed per 
square foot of condensing surface. The exit gases from the condensing chambers 
pass to a coke-filled scrubber, where the last of the arsenic is removed with water 
sprays. The finished product is finely powdered, perfectly white, and will assay 
99.0 per cent AS 2 O*. • 

R. W. Bridges' gives the method used for the recovery of arsenic from the cobalt 
ores of Cobalt, Ont. The ores are crushed and then gir)und so as to pass 30 mesh in 
ball mills. The charge, with the proper fluxes, is smelted in 32- by 72-in. blast fur- 
naces of capacities of 26 to 30 tons per day. The fluxes used arc limestone and a low- 
grade siliceous ore. The products are: flue dust and crude arsenic trioxide, slag, silver 
bullion, and speiss. The flue dust and crude arsenic trioxide are oaught in suitable 
settling and condensing chambers. The flue dust is returned to the blast furnaces and 
the crude arsenic trioxide is sent to the arsenic refinery for rctreatment. The slag is 
discarded if it carries less than 10 oz. of silver per ton. The silver bullion assays about 
860 fine and is treated in a cupel furnace for 24 hr., after which treatment it averages 
994 fine. The speiss — a typical assay of which is Ag, 1,480 oz.; As, 31.3; Co, 25.2; 
Ni, 15.3; Fc, 16.1 per cent — is crushed, ground, mixed with 20 per cent of NaCl and 
roasted in Edwards mechanical roasters having a daily capacity per furnace of 2,400 
lb. The roasted product is then leached with cold water to remove the undecomposed 
NaCl and soluble salts of cobalt, nickel, and copper, which have formed in the roasting 
operation. The residue is then leached with four successive batches of Na2S208 solu- 
tion to remove the silver. The cobalt, nickel, and copper are recovered from the 
water leach liquors and the leached residues. The crude arsenic trioxide is resublimed 
in the arsenic refining furnaces in the usual manner, producing an arsenic trioxide of 
99.0 per cent. 

Manufacture of liad Arsenate. — A number of methods have been proposed for 
the manufacture of lead arsenate, the first step of which is the conversion of arsenic 
trioxide or a soluble arsenite into arsenic acid or a soluble arsenate. A fusion of 
arsenic trioxide with caustic soda or sodium carbonate and sodium nitrate yields 
sodium arsenate, which is then dissolved in water and mixed with the solution of a 
soluble lead salt, as the nitrate or acetate, the insoluble lead arsenate being pre- 
cipitated. Chlorine gas will slowly convert a solution of sodium arsenite into 
sodium arsenate; it will also convert a mixture of arsenic trioxide and water into 
arsenic acid. Nitric acid and arsenic trioxide react violently to form arsenic acid; 
the gaseous products of the reaction contain considerable nitric acid and are 
generally sent to a condensing system for the recovery of this acid. 

A patent* issued to Luther and Volck covers the formation of lead arsenate by 
roasting the combining parts in the presence of oxygen. Lead arsenite is formed and 
oxidized to lead arsenate by roasting in the presence of oxygen. The lead arsenite is 
produced by heating white arsenic with lead or lead oxide. It may also be formed as 
a mixture of lead arsenite and lead arsenate by heating red lead with white arsenic. 

^ “ Metallurgy of Cobalt, Ontario, Ores,'* Can. Mining J.. Jan. 15, 1916. 

> U. S. patent 929962, Aug. 8, 1909. 
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Lead ars«iate may be formed directly by roasting white arsenic with lead peroxide or 
lead nitrate or one of the lower oxides of lead with an oxidizing agent. 

The Barstow and Cavanagh patent' consists in combining litharge with arsenic 
acid assisted by the action of a catalytic agent; the direct combination of arsenic acid 
and litharge is too slow to be of commercial value. The catalytic agent used is a 
small amount of either nitric or acetic acids. 

U. S. patent 1S98267, issued to John Kirby, Matthew S. Hopkins, and Charles B. 
Bernhart, of Reading Pa., covers the use of sulphonic acids of the aromatic hydro- 
carbons as catalytic agents for the manufacture of lead arsenate from litharge and 
arsenic acid. The purity of the sulphonic acid used is non-essential, as the mixture 
of sulphonic acids obtained by the sulphonation of the commercial grades of hydro- 
carbons will act effectively. The, lead arsenate produced by the use of these reagents 
possesses the physical requirements important for an insecticide, namely, large bulk, 
good dispersion, proper adherence to the foliage treated, and effective insecticidal 
properties. 

The preparation of the catalyst is carried on approximately as follows : A commer- 
cial grade of a suitable hydrocarbon, such as ordinary naphthalene, is sulphonated in 
the usual manner, the excess sulphuric acid is removed by precipitation with a soluble 
lead salt, and the clear liquor is separated by decantation or filtration. 

A charge of 700 lb. of litharge is placed in a tank and agitated to keep the litharge 
in suspension in water. About 50 lb. of the mixed sulphonic acids is added, the quan- 
tity to be used depending upon the speed of reaction required and the physical prop- 
erties desired in the product. Approximately 600 lb. of a 75 per cent arsenic acid is 
then slowly added. The temperature is raised to 160°F. The mass slowly changes 
in color to white as the litharg<i is converted to lead arsenate. Any excess of litharge is 
removed by the addition of more arsenic acid. The resulting mass of lead arsenate, 
the lead salt of the sulphonic acid, and water may be washed and the lead arsenate 
pressed for use as paste or as powder after drying and grinding. The sulphonic apid 
liberated by the precipitation of the lead arsenate is available for further use as a 
catalyst. 

Load carbonate or basic lead carbonate can be substituted ftr litharge and a solu- 
tion of a soluble arsenate for the arsenic acid. 

Manufacture of Calcium Arsenate. — Calcium arsenatci is manufactured by 
the method developed by the U. S. Department of Agriculture at Tallulah, La, 
This consists in the oxidation of arsenic trioxide to arsenic acid by means of nitric 
acid. The arsenic acid is then neutralized with sodium hydrate to form sodium 
arsenate, and calcium arsenate is precipitated by the addition of milk of lime to 
the solution of sodium arsenate. The calcium arsenate produced must have the 
necessary physical properties for use as an insecticide. 

Precautions in Handling Arsenic Triozide. — Arsenic trioxide is very poisonous 
and considerable care must be exercised to prevent occupational poisoning. 
Ample draft in the furnaces and flue systems, proper ventilation/ in all parts of 
the arsenic plant, proper bathing facilities for the men, and the use of eflScient 
respirators have greatly reduced the danger of arsenic poisoning. One American 
plant has successfully applied the pneumatic system to the removal of the arsenic 
trioxide from the kitchens. 

1 U. S. patent 1228516, May 5, 1917 
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ANTIMONY 

By G. Riddell^ 

Nature and Uses. — Metallic antimony unalloyed has few industrial uses. 
It is a brittle metal, of silvery luster, easily powdered, of rather low melting point 
(630®C)., and of specific gravity about 6.5. Antimony alloys readily with most 
of the heavy metals, the alloy being harder than the pure metals, and in most 
cases possessing the property of prompt expansion on solidifying, which enables 
very sharp impressions to be obtained in casting. The alloys with lead and tin 
arc by far the most important, and type metal, bearing metals, britannia metal 
and hard metal (antimonial lead) are the commodities consuming the largest 
amount of antimony. 

Type metal is an alloy of antimony, lead, and tin; bearing metal (babbitt, or anti- 
friction metal) an alloy of antimony, tin, and copper; britannia rnetal (“white metal “) 
an alloy of antimony, tin, and copper, with some zinc, and, rarely, small quantities 
of other metals. Antimony alloys are used to a small extent in battery plates, toys, 
and cable coverings. Lead-antimony alloy or hard lead is used in making acid- 
resisting valves. 

It is a highly important war metal, being used especially in shrapnel, for bullets, 
in primers, and to produce a white smoke for range finding. Antimony compounds 
are widely used in nnrdicdnc. The well-known tartar emetic and antimony fluoride 
arc employed as mordants, in the dyeing of cloth. The sulphide is an important 
ingredient in safety matches, being placed as a compound on the match box, or 
striking surface, and oh the head of the match. The precipitated sulphides if anti- 
mony ai*e used in vulcanizing, and as color pigments in the paint trade, and the 
pure sublimed tetroxide is a common ingredient in enamels for coating metal ware. 
The trioxide is used in the manufacture of gljiss. Antimony oxides meet the high 
standards required for paint and enamel manufacture and arc growing in importance 
as white pigments. 

Patents have beiui recently issued on new antimony chemical products that may 
considerably extend the industrial usefulness of the metal. These products — solu- 
tions of antimony trichloride in benzol, and cniosote — will go into the building and 
paper trades as fire preventives, and into the lumber trade as wood preservatives. 

History. — In point of use by man, antimony is one of the oldest of the metals. 
The natural sulphide w'as known to the people of ancient times. It was used by 
them as medicine, and as an article of toilet for eyebrow painting by women of 
biblical times. A vase found at Tello, Chaldea, cast in metallic antimony, 

^ discloses the reduction of the metal itself by the ancients, 

Basil Valentino, a German monk of the fifteenth century, and Agricola,* wrote of 
liquation, precipitation, and starring of regulus. Valentine gave distinct recipes for 

* 1 Broadway, Now York, N. Y. 

*"De Rc Metallica," Vol. 12, 1657. 
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the preparation of antimony trichloride, basic chloride, trioxidc, and potassium anti- 
monate. In the fifteenth century, antimony was in use for printers’ type, and in 
mirrors and bells. In the sixteenth century came its use as a medicine. Of the 
methods now obtaining in antimony metallurgy the precipitation of metal from sul- 
phide by iron appears in writings of the seventeenth century (Ercker), and, in the 
eighteenth century, the roast-reduction procedure came into use. In the early 
nineteenth centuftr came the reverberatory furnace, and in 1896, electrolytic antimony 
first appeared in the market. 

AUotropic Forms. — Like phosphorus and arsenic, antimony has several allo- 
tropic forms, some of them with unique characteristics. Besides the gray form of 
antimony, the best-known and most common, there is another form, in which 
metallic antimony has the property of exploding. The latter form is unstable, 
and changes readily to the stable metallic form. 

Metallic antimony^ pure, is silver-white with a bluish tinge, shiny and brittle, 
crystallizing in the hexagonal system. When cooled slowly from the molten state, 
under a cover of slag, the solidifit'd surface takes on a fern-like appearance — the 
“antimony star,” which has become a feature of the commercial refining of the metal. 

Explosive antimony, already referred to, is metallic, but distinctly different from the 
ordinary form of the metal. It is an uncommon form of antimony, and can be pro- 
duced by electrolysis from a solution in chlorine and bromine. Also, in a bath of 
hydrochloric acid and antimony protochloride, with antimony metal as anode and 
platinum as cathode, explosive antimony is deposited on the platinum. This anti- 
mony, rubbed in a mortar, strongly detonates, giving off light and heat. It will 
explode, also, if scratched with a sharp poini, giving off heat and setting free a white 
fume. The same phenomenon can be produced by heating the dried cathode deposit 
to 200®C., the resulting reaction product being the ordinary antimony. 

Black antimony is another mctastablc amorphous form, produced when antimony 
metal vapor is suddenly cooled. This form of the element is more active, chemically, 
than the ordinary metallic form, being sometimes spontaneqpsly combustible. At 
100®C. it changes gradually to the ordinary metal; at 400°C. the change is sudden. 

Yellow antimony, the most unstable of the several forms of antimony, is without 
any nictallic property, and corresponds to white phosphorfis and yellow arsenic. 
This form, obtained by introducing oxygen into antimony hydride at — 90°C., is of 
academic interest only. It changes into black antimony above — 90®C., under 
ordinary light. 

Chemical Properties. — Antimony has three valences, 3, 4, and 5. Its chemical 
properties resemble those of arsenic, and it stands close to the zinc group, being 
closely similar to germanium. Analytically, antimony presents some difficulty 
in its separation from zinc and tin. Antimony is but slightly oxidized at ordi- 
nary temperatures. On heating, however, the metal readily oxidizes to the tri- 
oxide. The metal is also readily oxidized by any oxides which cafi easily give up 
their oxygen component, such as lead oxide and manganese peroxide. It also 
oxidizes in the presence of steam. 

In acids, the metal is unattacked by dilute sulphuric acid, but forms antimonious 
sulphate in hot, concentrated sulphuric acid. It is attacked by hydrochloric only 
when in a state of fine powder. In concentrated nitric, it is converted to the trioxide. * 
In aqua regia it dissolves easily to the pentachloride. 

Mixed with niter and soda, antimony explode^ on ignition. With alkaline nitrate 
and chlorate, the metal decrepitates, forming an antimoniate. i 
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Pigments. — 1. “Antimony, white” is the trioxide of antimony which is formed 
as a very fine powder in the^iiues and dust chambers of antimony-roasting fur- 
naces. It can be collected in this form and used without further treatment for 
certain paint purposes, but a specially ground and prepared oxide called Timonox, 
is produced in England, of superior texture, opacity, and whitfeness, which has 
become of great usefulness among pigments. 

2. Antimony black"' is metallic antimony deposited electrically or chemically 
as a fine powder from an antimony solution, and is used as a bronzing pigment for 
metals and plaster casts. 

3. “Antimony vermilion,” a red trisulphide of antimony, may be formed by pre- 
cipitating an antimony salt from solution with sulphureted hydrogen. As a pigment, 
it is in many ways superior to red oxide of lead, rod chromate of lead, or mercury 
vermilion. 

4. “Antimony yellow ” is produced by the slow oxidation of the sulphide; various 
shades of yellow are formed by mixing it with red lead and zinc white. 

6. “Antimony blue,” “antimony violet,” etc. are other pigments produced by 
mixtures of the foregoing with other mineral compounds. 

Rubber Vulcanizing and Filling. — The red trisulphide of antimony is fused 
with sulphur and thus converted into pentasulphide, the product being dissolved 
in a solution of sodium sulphide. The pentasulphide crystallizes out as a red 
powder when the solution is evaporated, and in the vulcanizing process this 
powder parts with the excess of sulphur and is reduced again to the trisulphide. 
The latter mixes mechanically with the rubber, giving a red color. 

Enameling. — In enameling processes and in glass staining antimony tetroxide 
is mixed with white lead and borax to produce a yellow color. A white enamel is 
now made with the trioxide, this compound, to some extent, replacing tin oxide. 

Shrapnel. — Reference has already been made to the use of antimony in shrap- 
nel bullets, and antimony sulphide has also been used to form part of the powder 
composition for shraf nel shells, when it is desired to produce a dense cloud of 
wliite smoke on bursting. 

Matches. — Antimony trisulphide is used in making safety (Swedish) and wax 
matches, as well as in the composition on the side of the box on which the matches 
are ignited. The heads of the matches contain abt)ut 3 per cent of the trisulphide, 
while the composition of the box contains about 8 per cent of the same material. 
Antimony crude is used by the match manufacturers. 

The Metallurgy of Antimony.^ — Stibnite (8b2Sd, antimony sulpliide or glance, 
is the cliief ore from which antimony is extracted. The major deposits of the 
world — China, Mexico, Bolivia, France — are mainly stibnite. The other ores — 
cervantite, kermesite, valentinite, senarmontite, which occur only in small quanti- 
ties in nature — together with the fumes and slags from the previous smelting of 
antimony are generally mixed with the stibnite before smelting. 

Dry methods have, up to the present time, proved most successful, and are 
generally adopted. Wet processes and electrometallurgical methods have had much 
attention in America and France, but have not yet found practical application. The 

» The metallurgioal works of Schnabel, Kerl, C. Y. Wang, and K. C. Li, have been freely uaed in the 
compilation of this chapter. 
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electrolytic production of metal from antimony ore is feasible, and offers attractive 
possibilities. 

The more or less pure sulphide of antimony is called “needle,” liquated, or “crude” 
antimony, and the refined metal itself is called anti^^ony “regulus.” This use of 
the term “regulus” for designating antimony metal is a bit peculiar, and somewhat 
confusing, hut the term is securely fixed in the trade. Ordinarily, a regulus is a matte, 
or sulphide, of a lyetal, but as used from ancient times in connection with antimony, 
it has indicated the pure metal and not the sulphide or crude. The ancients gave the 
name “regulus” to metallic antimony because of a peculiar action it has upon the 
working properties of the king of metals — ^gold. One part of antimony in one thou- 
sand parts of gold destroys the working properties of the gold — ^thence the name 
“regulus,” or “little king.” 

• 

A blocking out of the metallurgy of antimony results in the following skeleton 
of processes. 1 


Extraction of Metallic Antimony from Ore 

I. By dry methods: 

A. Preparation of products for the production of metallic antimony: 

1. Liquation of crude antimony: 

a. Intermittent working: 

(1) In pots in open fire 

(2) In pots in furnace : 

(а) Receiver placed outsuh' the furnace. 

(б) Receiver placed below pot in furnace. 

b. Continuous working. 

(1) In tubes 

(2) In reverberatory furnaces 

2. Preparation of the stable tetroxidc: 
o. Rabble furnaces 

h. Hand furnaces (long-bedded). 

3. Preparation of the volatile trioxide: 
o. Herrenschmidt process 

^ ^ 6. Chatilloii process. 

c. Plows proce.ss. 

d. Italian — Miniere e P^onderic d’Antimonio Society Anonima’s process. 

B. Methods for the production of metallic antimony: 

1. Reduction of the oxide (either tetro or tri): 

a. In reverberatory furnaces 

b. In water-jacket or blast furnaces 

c. In crucibles. 

2. Extraction of metal from crude: 

a. English precipitation method 

3. Direct processes (metal directly extracted from the ore) : 

a. Reverberatory bath furnaces. 

b. Water-jacket or blast furnaces 

c. Converters. 

II. By wet methods. 

III. By electrolytic methods. 

Refinino op Antimony Metal 

I. In pots. 

II. In reverberatory furnaces. 

» After Wang, C. Y., “Antimony, Its Chemistry, Metallurgy, Usos.“ 
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Liquation of Crude Antimony. — The first step in the smelting of antimony is 
a simple one — the process of ^‘liquation,” which produces crude or needle 
antimony. Ores containing 00 per cent and more of the sulphide are rated, 
without treatment, as crude antimony. Ores carrying less than 60 and more than 
45 per cent sulphide are brought into the crude form by the liquation process, 
which is merely the subjection of the ore to a proper temperature — just at or 
below red heat — until 85 to 88 per cent of the sulphide content fuses and runs out 
of the ore into pots set for catching it. 

Ores to be li(]uated are broken to about walnut size. If the pieces be larger than 
this, the low heat used will not penetrate elTeetivefy, and if the size be smaller than 
walnut the ore tends to pack too closely and the same thing occurs. A packed charge 
also prevents the free escape of the fusc;d sulphide. Pieces of smaller size, and all 
ores containing less than 40 per cent of sulphide, arc used for producing regulus by the 
roasting and reduction methods, without li(]uation. The temperature of liquation is 
carefully maintained at the proper range. Any increase above a red heat results in 
volatilization of the sulphide, and if the temperature runs too low, too much sulphide 
remains in the residues. 

In China the smelting (or liquation) of ore into crude is done in pots, which arc 
either heated directly by contact with tin; fuel in the furnace, or by the flame only. 
In pot licpiation, the working is intermittent, but a continuous process is also in use 
employing tubes, or reverberatory furnaces, in which there is economy of fuel. Liqua- 
tion is thus carried out cither by: (1) Intermittent working in pots; or (2) continuous 
working in tube furnaces or reverbcratorics. 

Intermittent pot liquation is primitive and simp)le, and can be performed 
readily at the mine. If ores are rich and fuel accessible, it is a very satisfactory 



Lfquaiihg Pot 



Fio. 1. — Liquation furnace and pots used Fio. 2. — Oi)en-fir<' liquation 

in (^hina. in the Harz. 

method. In China the liquation is carried out jn a narrow brick furnace contain- 
ing two pairs of pots. One i)ot sits above the other, and properly sized ore is charged 
into the upper pot. Heat liquates out the sulphide, which trickles through the 
H-in. holes in the base of the charge-pot into the lower or collecting pot. When 
sufficient molten sulphide, or crude, has accumulated in the lower pot it is ladled 
out into molds. The collecting-pot is embedded in the ashes, in order to avoid 
the full temperature of the furnace and insure a slow cooling of its contents. 

The pots used, of local manufacture, have a life of 300 to 360 hr. The furnace is 
cheap and easy to build; the operation requires no great amount of skill nor experi- 
ence, and the Chinese believe that these advantages more than outweigh the ineffi- 
ciency of the intermittent working. Furnace and pots are illustrated in Fig. 1. 

At different places in Germany, Hungary, and France liquation of crude is con- 
ducted in a still more primitive fashion. The pots are heated by being placed on the 
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fuel in an open fire. The upper or charging pots arc made of fire clay and are of 
varying sizes which hold from 10 up to about 40 lb. The lower pots or receivers are 
made of burnt clay, and are deeply embedded in the ashes of the fire. The pots are 
arranged in rows, each row (twenty to thirty pots) being separated from the nejct by 
a brick wall. The space around the pots is packed with fuel. The receivers are 
emptied at convenient intervals, and the residues in the charge pots are found to con- 
tain usually more flian 12 per cent sulphide, which is treated as low-grade ore for white 
oxide, and then for metal when the antimony market is high. The time required for 
one shift of the pots varies according to the amount of the charge, generally from 
2 to 12 hr. The accompanying sketch (Fig. 2), taken from the book on antimony by 
0. Y. Wang, illustrates this method as cmployotl at Wolfsberg in the Harz. 




Fio. 3.- -ArranKciTK'iif of litiiaitiriK Fio. 4. -Conl.inuous tiibo-liquating 
pots insifio fiineicc*. furna<r(i. 

By placing the pots in a furnace instead of in an open fire, heat is conserved, fuel 
is economized, and it is possible to work with lower grade ores. The pots containing 
the charges are placed alongside of the fire grat(5 and the receivers are placed either 
directly below the bed of the furnace and surrounded by sand, or better still, they 
are placed outside of the furnace altogether and connected by clay pipes to the bottoni 
of the charge pots. The advantage* of the latte;r method is that the receivers can bo 
emptied whenever necessary without interrupting the working of the furnace. Figure 
3 illusfiates the method. • 

Coptinuous Liquation in Furnaces. — Iritcrinitt(uit working is exi)ensive in 
fuel and uneconomical in results. Better results an* obtairuid by the continuous 
working of tube or reverberatory furnaces. The tube furnace is illustrated 
in Fig. 4. 

The furnace is brick, the inside being fire-brick. Three fire grates completely 
surround the tubes, which are arranged in groups of four. The tubes are over 3 ft. 
high and are 10 in. diameter at the top tapering to about in. at the bottom. The 
tube walls are approximately in. thick. In the side of each tube is a small hole 
through which the residue can be removed. During working hours {hese holes are 
closed up with a clay plug. Underneath the tubes arc little chambers containing the 
receiving pots which may be either as shown in sketch or placed on a carriage provided 
with wheels. The charge for each tube is about 5 cwt., a charge requiring about 3 hr. 
for complete liquation. The yield is only about 50 per cent of the sulphide content. 
If coal is used, the fuel consumption is about 65 per cent of the sulphide production; 
i.e.f 65 cwt. of coal are burned in liquating out 100 cwt. of sulphide. 

Continuous liquation is sometimes carried out in ordinary reverberatory furnaces 
with a tap hole placed at the lowest point in the bed for tapping the molten sulphide. 
The adv|tntages are: 
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(1) Less expense for fuel; (2) less labor required; (3) furnaces require less repairs; 
(4) large quantities of sulphide can be produced in a short time. 

The disadvantages are: 

(1) Cost of plant is heavy; (2) there are very heavy losses due to volatilization 
during the operation. The volatilization can be offset by using the Herrenschmidt 
condensing apparatus. Figures 5, 6, 7, and 8 show the construction of a liquation 
reverberatory. • 



Analysis Calculated composition 


Insoluble 

0.05 

Insoluble . 

0 05 

Fe 

0.70 

FeS 

1 in 

S 

22.45 

Sb,S, 

77.17 

0 

3.18 

Sb,Oa 

. . . . 10 08 

Sb 

73.56 

Sb (met) 

2.64 


90.94 


90.94 


1 ScHOBLLBB. Bloat-fiumaoe Smelting of Stibnite/* 1016. 





ANTIMONY 


8X9 

Preparation of the Stable Tetroxide. — The method to be followed in the pro- 
duction of antimony metal is selected in accordance with the quality of the ore to 
be smelted. By far the greater part of the antimony regulus of commerce is 
produced by methods which involve, first, the preparation of oxides, and, later, 
their reduction to metal. 

Low-grade ore’s, such as are found in parts of Hunan Province, China, cannot be 
profitably smelted direct into metal. These ores are converted first into oxides, and 
then reduced in reverberatory furnaces. Rich ores, however, may be converted into 
metal by direct methods, but in China, it is a more common practice to convert the 
richer ores into crude form, oxidize the crude into oxide in reverberatory furnaces, 
and then reduce it into metallic ^timony. 

Low-grade ores are more plentiful than rich ores, and the process of oxidizing the 
ore and then reducing the oxide to metal thus becomes the most important of the 
methods to be considered. 

The oxidizing roasting of antimony ore results in cither one of two products, 
depending on the temperature and air control — the volatile trioxide (SbaOa), or the 
stable, non-volatile, tetroxide (HbaO^). The chemical changes taking place in the 
production of these two oxides are as follows: On being heated a trifle above 350“C., 
the trioxide is formed, with evolution of sulphiu* dioxide, 

SbaSa “h 90 = SbsOa -}- SSOa 

A part of the trioxide is further oxidized to the pentoxide (Sb206), which, combining 
with some of the trioxide, forms the tetroxide (Sb 204 ). When oxides of other metals 
are present, antimoniates are formed. If, also, sulphides of foreign metals are asso- 
ciated with the stibnite, these foreign metals arc brought mostly to the form of 
antimoniates, instead of remaining, as they would under ordinary circumstances, as 
sulphates. If the proper temperature (about 350®C.) and an excess of air have been 
maintained, and if, in the case of rich ores, constant rabbling has been performed, the 
roasted mass should contain the tetroxide principally. Under ordinary working con- 
ditions, however, the product will contain antimony glass, undccomposcd stibnite, 
and antimoniates, arsenates, and sulphates of the foreign mR^tals present. Much 
attention must be paid to the regular rabbling of the charge as the richer parts of the 
ore tend to liquate and to frit together. The richer the ore, the more difficult it is to 
roast.** Toward the end of the roasting, the temperature should be raised a little, in 
order to complete the oxidation of any undecomposed sulphide. If carried at too 
high a temperature, however, the mass will frit together, and the penetration of air to 
the interior is prevented, and both the sulphide and oxide are volatilized. 

A charge properly roasted has a reddish color while in the furnace, and an ashy- 
gray color on cooling, and there should be no evidence of fritting in the furnace. If 
an excess of air has not been available, the roasted product will be largely the volatile 
trioxide instead of the tetroxide. 

The roasting of stibnite for the production of tetroxide is generally carried out in 
reverberatory furnaces, provided with condensing apparatus. The furnaces are of 
two kinds: (1) small rabble furnaces (egg-shaped hearth); (2) long-berf reverberatory 
furnaces (similar to the hand-re verberatories of lead smelting practice). Figure 
9 shows the small-type rabble furnace used in China and I’rancc. 

A rabble furnace of this type handles a charge of 5 to 6 cwt. of ground and screened 
ore in about 6 hr. The time required varies from 3 to 12 hr., according to richness of 
ore. During the first 2 hr. the door must be closed, but toward the end it is opened for 
stirring and rabbling the charge, and for free admission of an excess of air. Loss of 
antimony in this furnace treatment varies from 4 to 8 per cent. 

The long-bedded reverberatory of German, French, Italian, and American plants 
is about 40 ft. long by 70 in. wide. It has eight or ten working doors on each side, ' 





824 


h^ON-FEBROUS METALLURGY 


and carries about tons of ore, of which 6 cwt. are charged at a time. The ore 
works through the furnace in about 40 hr. ; during the last 2 hr. before drawing, the 
charge is thoroughly rabbled every 5 min., and the heat is strong. Properly roasted 
ore has a dull grayish-yellow color. Loss of antimony in these long-hearth furnaces 
runs about 8 per cent. 

Furnaces with a trough-shaped hearth, sloping toward one side, have been pro- 
posed, but are not in successful use, for the carrying on of both reduction and roasting 
at the same time. The slope of the hearth is for tapping out any accumulation of 
sulphide that liquates during the roasting. 


H^od ^or Removal 



h^ia. 9. — LonR-bodded reverbatory. 


Preparation of the Volatile Trioxide. — When it is desired to produce the vola- 
tile trioxide of antimony, recourse is had to the procciss of volatilizing roasting. 
In this method the admission of air is restricted and higher temperatures are 
required. The trioxide is readily formed by admitting steam at a high tempera- 
ture, and at the same time the hydrogen combines with the sulphur in the stib- 
nite to form hydrogen sulphide. The many advantages of this method have 
brought it into general favor and it is extensively used in one form or other in 
F'rance and China. , These advantages are: 

1. Arsenic oxide is more volatile than antimony trioxidc and can therefore 
be separated out. 2. Wlum the ores contain precious metals these are generally 
found in the residues after volatilization. 3. It is the only method really suUed to 
low grade ores. 4. Condensation is more efficient and loss is almost eliminated. 
5. Less fuel is rcquir(*d, as the sulphur in the ore (!aii be utilized as fuel. 6. The 
condensed trioxide can be reduced to metallic antimony, or it can be marketed 
as white oxide witliout further treatment to make paint, enamers, etc. 

Of the several modifications that have been developed in the volatilization method 
of producing of antimony trioxalc, tlie work of iierrenschmidt stands out most promi- 
nently. I^oduction hy the' volatilization method was first accompli.shed in France, 
in 1844, by Bohierre, Bousseau and B uolz, and gradual improvements were developed 
from that time up to 1881, in which latter year Herrenschmidt patented a practical 
and efficient method, which he later greatly improved. 

Herrenschmidt Process.^ — In the first development of the Herrenschmidt 
process (1881), a low grade ore, say 20 to 25 per cent antimony, was placed in a 
blast furnace or cupola with about 10 per cent of coal. For an oxide ore a larger 
percentage of coal was needed. In this furnace the ore was roasted to produce 
the volatile trioxide, which passed from the furnace into a condensing chamber 

1 Data on HerrenHohrnidt process from article by Li, K. C., “Antimony, Its Metallurgy and Uses;” 
and Wano, Dr. C. Y., “The Metallurgy of Antimony.'' 
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directly connected to the furnace. Any trioxide not being condensed in the con- 
denser passed on to a reservoir containing water, and was there condensed. 
The air necessary for oxidation was drawn in by a fan operating at the far end 
of the water reservoir. Part of the oxygen drawn in combined with the sulphur 
in sulphide ores to form sulphuric acid. 

The chief fault in this process was that the condensation was not so efficient 
as it might have been, and some years later, in 1903, the inventor took out another 
patent which was a very decided improvement on his first one. He saw that the 
condenser must possess a very large cooling surface, have groat facilities for 
deposition of the oxide and also be able to subdividt^ the current of volatile 
oxide. All these were provided,for in his patent of 1903. Below is a sketch of the 
complete apparatus (Fig. 10). 

In this later Herrenschmidt apparatus (1903), the ore is charged into the fur- 
nace (a) where it is melted to produce the oxide. A fan {h) draws the volatile 
oxide into the flues {h) as shown by arrows, then through a series of condensing 
tubes (d). Any uncondensed oxide passing through the fan is absorbed by the 
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Fio. 10. — Early Herrensrhiniflt volatilization and ronderiiiation apparatus. 


wat^ contained in the tank (j)> The tubes are covered oi^the top by the casings 
(c) while underneath the tubes are other casings (c). It should be noted that the 
oxide has to traverse a very tortuous path, and in so doing it comes in contact 
with a very large cooling surface. The lower cases (e) are provided with inclined 
walls (/) which greatly facilitate the removal of the condimsed oxide. The trans- 
verse section on the right of the main sketch gives a better idea of the tubing and 
the manner of removing the condensed oxide. 

In 1908 Herrenschmidt again improved on his previous patents. The fur- 
nace was improved and the flues between the furnace and the condensing pipes were 
eliminated, so that the oxide passed direct from the furnace to the condensers. 
The casings over the tops of the pipes were discarded, and the pipes were joined 
together at their tops to form a series of inverted V’s; in addition to these improve- 
ments, two ventilators were introduced, and any volatile trioxide passing through 
the fans was condensed by coming in contact with water sprayed down at intervals 
through a coke tower. 

Figure 1 la is a longitudinal section and view of Ilerrenschmidt's Anally perfected 
equipment (1908). f igure 116 is a cross-section of a roasting furnace along o6. 
Figure 1 Ic is a horizontal section along JY . 


iAibiTJj/u '1 
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The broken ore, carrying 10 to 20 per cent of antimony, is charged, mixed with from 
4 to 8 per cent charcoal, into the roasting furnace, o, the bottom of which is formed by 
horizontal iron bars b. The volatile antimony trioxide is deposited on condensation 
pipes c, in the condensing chambers d, under suction from the two fans h. The last 
trace of the uncondensed oxide is caught by the water coming from the coke tower i, 
at the top of which are the water pipe i, and the seesaw water distributor k. The 
roasting furnace is built partly of bricks and partly of cast metal. The condensing 
chambers are of cast iron, and the coke tower of wood. Each condensing chamber is 
1 m. long. 

With mine-run ores, carrying 10 to 15 per cent of antimony, 6 tons can be treated 
in 24 hr., with a fuel consumption of 4 to 5 per cent of gas coke, or 6 to 7 per cent of 
charcoal. With ores containing 18 to 20 per cent o^ antimony, 4J^ tons per 24 hr. can 
be treated with fuel burden of 5 to 6 per cent of gas coke or 7 to 8 per cent of charcoal. 
Each unit employs four workmen per 24 hr., and fans and pump require 3 hp. 

Gas coke gives better results, if obtainable, but most of this antimony work is done 
in out-of-the-way places, where charcoal is cheaper. 



Fio. 11. — Perfected Horrenschmidt volatilization and condensation apfmratus. 

Size of ore treated is from 1 to 4 cm. Ore dust must be separated out, and, if 
present in large quantity, must be briquetted with 7 or 8 per cent clay into balls of 
proper size, and charged along with the ore. The working of the furnace proceeds as 
follows: 

A charge of old scoria is placed on the grates up to a height of about 10 cm. above 
the uppermost bar; and wood and charcoal are put in to a height of another 10 cm. 
As soon as the fuel is lighted and b,urning freely, another charge of 300 kg. of scoria, 
mixed with 6 per cent of charcoal, is put in. Finally, when the furnace is up almost 
to full heat, an ore charge of 50 kg., mixed with 2 kg. of charcoal, is put in, and this is 
continued until the furnace is full to within 30 cm. from the mouth. The same charge 
is repeated every 12 to 14 min., according to the rate of revolution of the ventilating 
fans — which is from 1,200 to 1,400 r.p.m. — and the scoria is discharged accordingly. 

The temperature of roasting, for trioxide production, should not be over 400®C. 
About 30 cu. m. of water per day are required for one apparatus. 

The loss of antimony in the Herrenschmidt apparatus is variable, approximating 
10 per cent; the skill of the laborer is all important. By manipulation and spreading 
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of ore and fuel so that the ore is thoroughly burned and the antimoi^^ contents fully 
volatilised, the percentage of fuel can at times be cut down to about 3 per cent, lUld the 
yield of oxide can be increased to 95 per cent. 

The Wah Chang Mining k Smelting Co.’s plants in China, for several years the 
leading producers of antimony, used about 15 per cent charcoal on ore running 20 to 
35 per cent of antimony ; if the charge consisted of liquation residue the charcoal required 
amounted to 20 t6 22 per cent for coarse, and 24 per cent for fine. The scoria dis- 
charged from the shaft furnaces generally carried about 3.5 per cent of antimony, from 
ore charges; and 4.5 per cent of antimony, from the liquation residue charge. 

The ideal ore for volatilization treatment in shaft furnaces is one with an antimony 
content of 15 to 25 per cent. When the ore runs over 40 per cent in antimony, the 
latter partly volatilizes and partly^liquates, and part of the liquated product combines 
with the volatilized trioxide to form antimony glass (an oxy sulphide compound) which 
causes fritting at the lower zone of the furnace. Even with ore carrying 30 to 35 
per cent of antimony, this fritting occurs to some extent, necessitating the maintenance 
of a higher temperature in the furnace than is necessary for poorer ores. The richer 
the ore the higher the percentage of fuel required for the charge. 

It is possible to volatilize ores carrying up to 20 per cent of antimony with 6 per 
cent of charcoal, the temperature being kept at a low red heat. On the other hand, 
if the charge be liquation residues, ranging from If) to 25 per cent antimony content, a 
different problem is presented. This material makes a charge that partially blocks 
up the furnace at a very low, red heat, and prevents the free passage of air. To remedy 
this, some works use a forced draft, and others resort to an excess of coke to increase 
the porosity of the furnace burden — as much as 30 to 50 per cent of the charge. It is 
possible to tell when the furnace is blocked, or when the suction fan is choked with 
tri oxide, by observing the appearance of a reddish tint in the trioxide fume, which 
issues white if furnace conditions are normal. This reddish fume is a hydrated sul- 
phide, resulting from sulphide particles which have been volatilized at temperatures 
above 550®C. in the absence of sufficient free oxygen. On taking up moisture from 
the ore, these sulphides take the hydrated red form (probably Sb 2 S 3 . 2 HaO). 

Other Processes for Preparation of the Triozide. — There are perhaps a dozen 
processes for the preparation of the volatile trioxide, which at different periods, 
in Fi^ce, Italy, and Germany, have had some prestige.* In all of them, the 
principle of roasting, volatilizing, and condensation of the oxide is, of cours^, 
the same; differences exist merely in the forms of furnaces, condensers, and 
methods of collecting the oxide. 

In the Chatillon and Society Andnima processes, which have been in successful 
operation in France and Italy, the oxide is filtered through cotton or linen bags. In 
most of the other processes, the oxide produced is, in manner similar to that described 
above under the Herrenschmidt method, condensed either in long flues, on baffles, 
in condensation chambers, or by use of water. 

In the Chatillon process, which has been employed on a large scale in France, the 
furnace consists of two double cupolas terminating; in a common flue from which the 
volatilized oxides are led to water-cooled condensing chambers made of sheet iron. 
The upper cupolas are charged with alternate layers of fuel and ore, and as the liquated 
sulphide melts and falls through to the lower cupola, it meets an upward current of 
hot air which converts it into the trioxide (SbgOa). Before leaving the plant the gases 
are reduced to a temperature of 100*’C. and passed through a baghouse. The sublimate 
obtained contains 98 to 99 per cent antimony trioxide. 

The Plews process (1902), one of the best known of the volatilizing methods 
out^e the Herrenschmidt process, proceeds as follows: Stibnite, crushed to less than, 
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1-^.c. size, is charged into an ordinary type ci rotary furnace, which has been 
previously heated to a dork red, by means of any smokeless fuel. An oxidizing flame 
is then produced in the furnace, and the temperature is raised to a light red, and so 
maintained until all the volatile oxide is given off. With certain minerals, the 
antimony is not easily volatilized by an oxidizing flame; in this case, alternate periods 
of oxidizing and reducing flame are maintained as long as jiecessary. The oxide is 
drawn off into condensing chambers by means of a fan, in the usuaf way, and the last 
traces of uncondensed oxide arc absorbed by contact with water. The fuel used is 
coal gas or oil gas generated in a gas producer. Figure 12 shows the arrangement 
of the Flews apparatus. 



Methods for the Production of Metallic Antimony. — The last phase in the 
metallurgy of antimony is the production and refining of metallic antimony. 
Unrefined antimonycinetal is sometimes called crude antimony, but the metal is 
never marketed in this form; the name would be confused with liquated sulphide 
which is commonly (ialled crutl(‘ antimony, or more correctly antimony cr^um. 
Antimony metal may be obtained from: (1) the oxides (trioxide or tetroxide); 
(2) from antimony crudum; or (3) by direct smelting of antimony ores. Of these 
methods, the bulk of the world’s antimony, up to the present time, has been 
produced by the first two mentioned. 

The direct smelting of metal from its ores was receiving a great deal of attention, 
however, in the United States (San Pedro); Mexico,' (Wadley) ; and England, during the 
period just pn'ccdiiig 1918, and in earlier years at Baiiya in Bohemia, and some very 
successful results were being achieved. It is not overstating the case to say that the 
operators of the blast furnaces engaged in this direct smelting had, prior to the great 
metal depression, already accomplished such progress in the normal blast-furnace 
reduction of antimony ores as to indicate the possibility of a complete reconstruction 
of the practice of antimony metallurgy. It is well demonstrated that the blast furnace 
is the best appliance for a certain class of antimony ores — those containing about 26 
to 40 per cent of metal. These are too high to be best suited for roasting, and are 
yet too poor for liquation or direct precipitation smelting, and for their treatment, as 
well as for l)y-producta of the same richness, the blast fumaoe offers undoubtedly the 
best method. 

Under the methods which have, in general, so far prevailed, reduction of the oxides 
is carried out cither in reverberatory furnaces, in water-jacketed or blast furnaces, 
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or in crucibles. In reducing the oxide, care must be taken to control volatilisation 
and to keep any unaltered sulphide out of the mass of metal. A fusible slag is utilized, 
which forms a cover preventing volatilisation, and which also dissolves any metallic 
sulphides left. This slag, composed of soda, potash, and Glauber’s salt, acts as a 
refining agent, carrying off most of the impurities which may be in the oxides. On 
ores carrying low percentages of antimony, the volatilisation and reduction processes 
are used, because they are considered to be the cheapest of all methods and produce 
a very pure metal. 

A 



Scale 


Fig. 13. — Plan of rcvorbonitf)ry for reduction rnothod. 

Reduction of Oxides in Reverberatory Furnaces. — Of the several reduction 
methods, the reverberatory Ls simple and easy to control, but is attended by heavy 
loss of antimony, and is therefore used for rich ores and cheap fuel. Loss of 
metal generally runs from 12 to 20 per cent and may b« as high as 30 to 40 
per cent with careless working. In France, Austria, and New Jersey, the rever- 
beratories used have been of approximately the following dimensions: hearth 



Section C-D • 

Fig. 14. — Section of reduction reverberatory. 


egg shaped, length about 8 ft.; width in center 5 ft. 3 in.; width at fire bricig^ 
3 ft. 4 in. ; height of fire bridge 1 ft. 4 in.; width between top of fire bridge and roof 


1 ft. At the deepest part of the bed is a hole through which the metal is tappedf 
An S-in. flue leads into condensing chambers about 400 ft. long. The antiuiiox^i 
vapor passes into these chambers and is there deposited. 

Figures 13, 14, and 15 show the type of furnace used. * ' 
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The precipitate recovered in the condensing chambers contains tip to 60 per cent 
of antimony. The furnace charge consists of about 500 lb. of roasted ore, oxidised 
ores, oxides, liquation residues, flue dust, etc., together with about 100 lb. of flux 
composed of salt, soda, about 70 lb. of ground charcoal, and sometimes a small quan- 
tity of Glauber’s salt. It is also found to be good practice to remelt about 300 lb. of 
slag from previous charges. The flux is charged into the furnace first, and when it is 
melted down and all boiling or agitation of its surface has ceased, the other materials 
are charged into the furnace, about 40 lb. every 15 or 20 min. The charge is then well 



Fig. 16. — Section of reduction reverberatory. 



Fig. 16. — Reverberatory furnace provided with Herrenschmidt condensation apparatus. 

stirred, and the scum produced is drawn off. After the last charge has been put in, 
the temperature of the furnace is raised and kept up until the process is completed. 
During the smelting, the charcoal acts as a reducing agent, robbing the antimony of 
its oxygen, while part of the soda combines with the sulphur, and the remainder helps 
to form a slag with the gangue. Any other metals present are carried into the slag as 
sulphides, by the action of the sulphide of soda which is produced through the reduc- 
tion of the Glauber’s salt by the charcoal. Common salt serves the same purpose by 
carrying foreign metals into the slag as chlorides. 
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The fuel eoneumption is somewhere between 5 and 6 owt. per ehaiite md hiss 
is usually about 14 to 15 per cent. When considerable antimony sulphide is presenti 
a little iron or iron slag may be added to assist in reducing the sulphide. Whcui the 
smelting is complete, the metal is drawn off into molds through a tapping hole, and 
during the cooling in the mold, care must be taken to have it completely covered over 
with slag. When the metal solidifies, the slag is knocked off by hammering. 

The trioxide produced by the volatilization method can be reduced in an ordinary 
reverberatory furnace provided with the Herrenschmidt condensing apparatus shown 
in Fig. 16. The furnace is first heated, then charged with the following: 10 parts of 
trioxide; 6 parts of sulphide (crude); 1 part of carbon (charcoal or anthracite). 

The charge is thoroughly rabbled after about 6 hr. in the furnace and the metal 
separates out from the slag and is«oon ready for tapping into molds. The starring^’ 
of the regulus is done in the mold. A purifying mixture, composed of 6 parts of car- 
bonate of soda and 4 parts of antimony trioxidc, is melted down in a small chamber at 
one end of the reverberatory furnace. When the metal is ready to be tapped some of 
this molten mixture is poured into the molds to be used. The regulus is then run 
into these molds, and the purifying mixture, being lighter, immediately comes on top 
forming a cover over the regulus. When the metal solidifies, any of the mixture 
remaining on top is removed by hammering. 

Reduction of Oxides in Water-jacketed Blast Furnaces. — In California and 
Mexico, blast-furnacc smelting of antimony ores has been brought to a high 
degree of efficiency. The manipulation of the furnace and charge has much in 
common with the ordinary practice of the lead blast furnace. 

Roasted ore, briquetted flue dust and oxides, and smaller amounts of unroasted 
stibnite, together with siliceous waste for slag-forming material, make up the charge. 
Recovery of antimony runs 95 to 98 per cent, slags carrying about 1 per cent, some- 
times running as low as 0.25 per cent of antimony. 

The Cookson plant, at Wad ley, Mexico, handles ores of a refractory nature and of 
comparatively low grade. The antimony content varies from 25 to 40 per cent. The 
ores at Wadley are, in the main, oxidized, between 80 and 90 per cent of the antimony 
being present as oxide, the remainder being sulphide. The gangue is siliceous and 
calcai'^ous. On account of the refractory nature of the ores 3nd their oxidized con- 
dition, the comparatively simple methods of smelting adopted in China are not satjlH' 
factory, nor can the usual English methods be employed. They have, however, 
proved amenable to blast-furnace treatment. The plant is somewhat elaborate and 
costly, in comparison with the reverberatory methods, but excellent smelting results 
are obtained. The plant is seldom in operation with antimony below 12 cts. per 
lb., c.i.f. New York. 

The ores, after rough concentration, are smelted in rectangular water-jacketed 
blast furnaces, very similar to those employed in smelting lead ores. Limestone and 
iron ore are used as fluxes, and coke as the reducing agent. The blast furnaces are 
some 28 ft. high, 5 by 3 ft. hearth area, and are blown by compressoi^s delivering air 
at a pressure of from 2 to 3 in. of mercury. A forehearth is provided to separate the 
metal from the slag. Owing to the high temperature attained in the blast furnaces, 
and to the volatility of antimony, very efficient bag houses are necessary to deal with 
the fume carried over in the blast-furnace gases. The fume is briquetted and worked 
off with the ore in the blast furnaces. By running a highly siliceous slag the antimony 
content of the slag is kept down to about 1 per cent. 

The antimony obtained as above, generally termed ^‘singles,’’ contains from 5 to 7 
per cent iron and 1 to 2 per cent sulphur. Deleterious impurities are practically 
absent as the ores, apart from their low grade, are very pure. i 
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The iron and sulphur in the singles are removed by submitting the metal to the 
doubling’’ process, which consists of a combination of liquation and fusion under 
alkaline fluxes in reverberatory furnaces. The resulting “doubles ” are further refined 
and starred by Cookson & Co.’s special starring process, the resulting “Star” anti- 
mony being of high quality and guaranteed 99.6 per cent purity. 

Reduction of Oxides in Crucibles. — This method of reductiop is adopted only 
for very rich ores or when crude antimony or the trioxide is used to produce the 
metal. The use of crucibles and iM)t furnaces precludes the working of large 
charges. The roasted ore is fused with 10 per cent of its weight of crude argol, 
or with charcoal or anthracite and potash or soda, in fire-clay crucibles, heated 
in a wind furnace. The mold in which the melted metal is cast must be coated 
with tallow or with fire-clay cream. 

A typical charge for one crucible is as follows: roasted ore, 26.5 lb.; charcoal (10 
per cent), 2.6 lb.; soda (7.15 p(T cent), 1.9 lb. Ten or twelve pots are placed in a 
single furnace, each pot turning out four or five charges in 24 hr. Fuel consumption 
is 70 to 80 per cent of the weight of ore. Each pot has a life of seven or eight charges. 

A type of furnacie used in the Hcrrcnschmidt opc'rations, for reduction to starred 
regulus, from balls, or bri(iuettes, composed of antimony oxide, powdered anthracite, 
carbonate of soda, and water, is shown in Fig. 17. 



Fi( 3. 17. — Furnace for n^duction of oxides in crucibles. 


Extraction of Metal from Crude. — Antimony crude or antimony “needle’’ 
is frequently marketed and used for varir)us purposes, such as for vulcanizing 
rubber, match makiiig, and for ammunition manufacture. As the market for 
crude is limited, it is lU'cessary to convert the greater part of it into antimony 
regulus. This may be done in one of two different ways: (1) conversion of the 
sulphide into antimony oxides, and then reducing the oxides in reverberatory 
furnaces, (2) direct smelting of the sulphide to metal, iron being added as the 
reducing agent. 

English Precipitation Method. — In China, the English precipitation method 
has been found too inconvenient and costly to compete successfully with the 
oxidizing methods, and the latter have become the accepted mode of treatment 
for crude in that field. In England, Hungary, Japan, and Mexico, however, the 
precipitation method is in vogue, rich ore or antimony crudum being directly 
reduced to metal by crucible fusion with metallic iron. The fundamental principle 
involved in this method is the greater affinity of sulphur for iron than for antimony. 

In the precipitation process iron is used to decompose the sulphide of antimony to 
give sulphide of iron and antimony as in the equation : 

SbaSa + Fea = 2Sb + FeS 

Iron sulphide is formed, even at a comparatively low temperature, the anti- 
mony being separated out in the metallic state. The high specific gravity of the 
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iron sulpliide makes it difficult to separate the antimony from the iron suli^de, 
and it is necessary to add sodium sulphate and carbon in order to produce sodium 
sulphide, which, combining with the iron sulphide, forms a fusible matte of low specific 
gravity. In England, instead of sodium sulphate and carbon, common salt is used. 
The iron is usually added in the form of turnings, shavings, or tin-plate cuttings. The 
l^npnrtinn of iron must, ho nnrfifuUy r.nnfrniiori^ for if sulphides of lead and ars^c 
are present, they will be reduced by any excess of iron not taken up by the stibnite, 
and enter into the antimony metal as impurities. 

It is found in practice that the theoretical anmunt of iron required for desulphuriz- 
ing the stibnite is not sufficient, due to the fact that part of the iron is taken up in 
decomposing the sodium sulphate. 

Losses of antimony in the precipitation method occur from both volatilization and 
slagging, running 10 per cent, or over. Onlinarily, the process is carried out in cru- 
cible furnaces. Shaft and reverberatory furnaces are used in some cases, but the metal 
losses are much greater in the latter furnaces. 

The English process proceeds as follows: The stibnite is reduced by metallic iron 
in crucibles in a long reverberatory furnace. Dimensions of the furnace arc: length, 
54 ft. ; width (inside), 7 ft. 4 in. Tlu^ bwl is covered by a low' arch which springs almost 
from the surface of the ground, the bed itself being below ground level. It is heated 
by a fireplace at eacdi end, a common flue taking off from tlie middle of the furnace 
floor. Sides and roof of the furnace sire (‘.overed w'ith (jaat-iron plates. 

The crucibles arc lowered into place through 14 in. circuhir holes in the arch, 
forty-two holes (twenty-one on eacli side) being jjrovided. The pair of crucibles 
nearest the fireplaces sit each end is kept for “stsirring,” or refining, the crude metal. 
Esich crucible takes a charge of: (»re (Issizel nut size), 42 lb.; iron, 16 lb.; common salt, 
4 lb.; skimmings (from the doubling operation), or slag from previous smelting, 1 lb. 

Tinned scrsip is preferred ; for insertion into the crucilde it is pounded into a round 
hall, large enough to fit the top of the crucible. The balance of the iron required is 
in the form of turnings or borings, which are mixed with the ore, together with the 
salt. The mixture is dropped into the crucible through a funnel; the furnace hole is 
then closed for half an hour, wlien the crucible is exjimined. * The salt used assists 
the separation of the slag, and tends to promote the fusion of the siliceous material. 
On ar^average, four meltings arc made in each crucible per l^hr.; the richer the ore, 
the shorter is the time required. 

The crucibles are made of a mixture of graphite and fire clay, and arc generally 
20 in. high and 1 1 in. across the mouth. The crucible, dry, weighs 42 lb., of which 
approximately 36 lb. are fire clay, and 6 lb. graphite. 

A mold, conical in shape, is placed opposite each crucible. I'he metal obtained 
is known as “singles,” and contjiins about 91.6 per cent antimony, 7.3 per cent iron, 
0.8 per cent sulphur, and 0.3 per cent insoluble matter. 

The “singles” are next purified by fusion with a small amount of liquated sulphide 
of antimony, to remove the iron remaining in the metal. The charge for this second, 
or “doubling,” process, is; singles (broken small), 84 lb.; antimony crude, 7 lb.; 
salt, 4 lb. 

The fused mass is stirred occasionally with an iron rod, the time required for one 
charge being about 1 12 hr. When fusion is complete, the slag and matte are ladled 
off with an iron spoon and the contents of the crucible houred into the molds used in 
the previous fusion; the matte and skimmings arc added to subsequent ore smeltings. 
The metal thus obtained is known as “star bowls,” and contains 99.0 to 99.53 per 
cent antimony, 0.18 per cent iron, and 0.16 per cent sulphur.^ 

^ In Japan at thn Saijo Smeltery, the Star Bowl metal earned U7 to 08 per oent Sb, 1.5 per cent 
and 0.7 to 0.8 {)eT cent S. ' 
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Hie effectiveness of this second liquation can be understood when it is remem- 
bered that in such an alloy of antimony and iron intermetallic compounds are present. 
One of these, with the chemical formula FeiSbs, bas a freezing point of 1016**C., and 
another (FeSba), which forms from FeaSba and liquid, crystallizes out at 730®O. 
The melting point of pure antimony is 630®C. Hence, in the heating up of this alloy, 
the antimony first melts and the antimony-iron compounds tend to separate and rise 
to the surface. These are then ^‘taken up ” by the slag and removecf from the bath of 
metal under purification. 

The presence of sulphur, due to the excess of crude used, is indicated by the crys- 
talline pattern which forms on the surface of the metal being covered with small glis- 
tening patches, the latter being known as “flouring.” 

In order to remove this sulphur, another fusion is necessary. The custom of the 
trade is to demand antimony that is “starred,” or crystallized, on the upper surface, 
and it is at this stag(j that this “star ” is obtained. These two results are accomplished 
by melting the metal with what is known as the “antimony flux,” a substance which 
is often difficult to obtain, in proper composition, at first. This flux is prepared by 
rule-of-thumb method, about as follows: 3 parts of ordinary potash are melted in a 
crucible, and 2 parts of ground liquated sulphide are mixed in. ’ When fusion has 
become quiet, the mixture is poured out and tried on a small scale to find out whether 
it yields a good “star.” If the “star” is satisfactory, the ingot of metal obtained is 
then broken and the metal examined in order to determine whether it is free from 
sulphur. If, however, a good star is not obtained, the flux is remelted, and more of 
one ingredient or the other is added as experience dictates. 

The first of these operations of the precipitation process — smelting the crude with 
iron — is called “singling;” the second operation — resmelting the singles for the pro- 
duction of the bowl metal — is called “doubling;” and the last operation is called “refin- 
ing,” or “frenching.” 

Direct Extraction of Metal from Ore. {Reverberatory Bath Furnaces ). — 
Several patents have been taken out (Sanderson, Cookson, Herrenschmidt) 
on the direct smelting of antimony sulphide in a bath of ferrous sulphide, on the 
hearth of a reverberatory furnace. This method has given good results, but has 
had no wide adoptioq commercially. After the hot ore has been charge^^ into 
the reverberatory and thoroughly rabbled, iron is added, the temperature raised, 
and, when decomposition of stibnite by iron is complete, the antimony metal is 
tapped. The tap hole is closed as soon as the iron sulphide appears. Slag is 
drawn through the working doors, and as the iron sulphide increases during 
the operation it is removed until the bath is reduced to its original depth. 

Water-jacket Blast-furnace Smelting. — The blast-furnace smelting of anti- 
mony ores, both sulphide and oxide, is entirely feasible, and will undoubtedly 
come into more common use as the industry advances. Already, in Mexico, 
California, and England, successful blast-furnace smelting has been under way for 
several years, proceeding along lines only slighty modified from regular lead 
smelting practice. 

The operators of these blast-furnace plants are most enthusiastic regarding the 
advantages and ultimate general adoption of this method, asserting confidently thati 
the first page of antimony metallurgy has hardly been written and that the blast- 
furnace process will extensively replace the old existing methods in the industry. 
That this may come about in Europe, Mexico, and America there is little question. 
Under existing ownerships and conditions in China, however, it is extremely improb- 
able that any reshaping of the industry will take place. ^ 
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Attempts to smelt unroasted stiboite ores in water-jacketed blast furnaces did ndt 
come to any successful result until in recent years, and publisbed information on th# 
subject is exceedingly meager. TheVe is a marked difference in the behavior of stft* 
nite and that of other metallic sulphides in the blast furnace. It has been fowi 
best to add no metallic iron to the charge, and to regulate the coke so as to predtldS 
any reduction of ferrous oxide in the flux. No iron available for matte is provided^ 
and matte is usually absent. Any addition, or presence, of metallic iron will ahra3rC 
result in the production of an antimony-iron alloy — speiss. 

It is usually found that the contents of the furnace crucible gradually freese from 
the bottom upwards, and the entire crucible is eventually a solid mass. It is fre« 
quently a practice to fill the crucible with fire brick, and separate the mixed flow of 
slag and metal in a shallow reverj^eratory forehearth. 

While the blast furnace smelting of stibnite is as yet in an experimental state, 
it is to be stated that the best conditions for the process appear to be: less than 10 per 
cent of coke, low blast pressure, low metal content of the charge (about 10 per cent), 
high smelting column (over 15 ft.), and separation of slag and metal in a heated fore- 
hearth. In an efficient plant, the great bulk of the volatilized material is recovered 
in bag houses, but it is, of course, undesirable to have to retreat a large amount of fine 
material unsuitable for blast-furnace work. The flue dust is best treated in a rever- 
beratory, while the fume is useful in refining, or it may be used as raw material for the 
manufacture of antimony compounds. 

The blast-furnace process does not appear to be adapted for the treatment of 
high-grade stibnite ore. Loss by volatilization is common to all forms of antimony 
smelting, and in this respect the blast furnace is far worse than the reverberatory, 
where a layer of flux or slag protects the metal. With low-grade material, however, 
which it is difficult or wasteful to treat by other methods, the blast furnace offers 
decided advantages, i.e., where large quantities of poor ores, foul slags, mattes, or 
liquation residues have to be worked up. It is a favored mode of smelting for all 
materials containing about 25 to 40 per cent of antimony, which can be mixed with 
fluxes to give a charge sufficiently poor in metal to hold down volatilization. 

It is believed by Schoeller^ that the production of antimor^ from stibnite in the 
blast furnace is an oxidizing process in which the metal is formed in two stages which 
proceed simultaneously: first, the molten stibnite absorbs oxygen from the blast; 
seooniSly, the oxide at once reacts with the unaltered sulphide (lloast-Reaction process) 
to form metal and sulphur dioxide, thus: 

2SbaS3 + 902 » 2Sb20a + 6SO2 
2Sb208 ”1“ SbaSa — 6Sb -b SSOa 

In endorsing this theory of the blast-furnace process it is realized that it has been 
a commonly held belief that antimony sulphide and trioxide do not react on each other 
as do the corresponding lead and copper compounds, but that the antimony com- 
pounds fuse together to an antimony glass. The latter reaction occurs, without ques- 
tion, if the oxide-sulphide mixture be fused in a crucible under a layer of salt, but if 
stibnite is roasted with insufficient access of air, some oxide will be formed which 
will react with the unaltered sulphide, part of the antimony settling out in a metallic 
state. The roast-reaction process does, therefore, have a part in the smelting of 
antimony. It appears, in some degree as well, in the process of liquation, the metal- 
lurgical operation carried on on a large scale in China, for the concentration by fire of 
Imtimony sulphide ores. Examination of this crude discloses the fact that it is not 
pure antimony sulphide, but a complex solid solution, containing oxide and free metal. 
The molten sulphide in trickling down from the upper pot absorbs oxygen from the 
air rising from the crude already collected, which partly converts it to trioxide. This 
reacts with more sulphide to form metal and BO2, which latter is carried away by the 
^ **BlMt)|fiipaoe Smelting of Stibnite," Tram, 1. M. M., (1918). ’ 
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draft, allowing the reaction to proceed. Once the material has collected in the lower 
pot the reaction is arrested on account of the lower temperature and the small surface 
exposed. It is thus proved that molten antimony sulphide by itself, in an air current, 
is partly converted into antimony, and the product also contains the trioxide. 

Converters. — Sulphide ore of antimony can be smelted in a converter into 
which air is blown, but this is not a method in practical use. The air burns part 
of the sulphur of the ore, with the production of sulphurous acid and the metal 
itself. Antimony sulphide fumes are formed also, and these, if acted upon by a 
current of air, give antimony oxide. 

By-products of Antimony Smelting. — The by-products produced in the fore- 
going processes include liquation residues, matte. *slags, and flue dust. The slags 
obtained from the extraction by the roasting and reduction method consist 
principally of silicates; those from the precipitation method, silicates and sulphides. 
They are thrown away if not sufficiently rich to be used in the first smelting of the 
ores. The other by-products are all added to the charges in smelting the ores, 
the liquation dross being first roasted. The flue dust is iiitimatcdy mixed with 
lime, before smelting. Liquation residues are also sometimes treated separately 
in shaft furnaces. 


EXTRACTION BY WET METHODS 

The extraction by wet methods of antimony from its ores has had much atten- 
tion in European centers, but it is still a matter of academic discussion, rather than 
practical application. Solution of stibnite is readily effe(!ted in sodium sulphide, 
sodium hydroxide, or cahdum sulphide, and from such solutions antimony 
sulphide is precipitated by carbon dioxide or sulphurous acid. There is little 
evidence, however, that commercial recovery of antimony from its ores by wet 
methods will come about. 

Electrolytic Extraction of Antimony. — The supply of antimony for the world’s 
needs to date has conn? almost entirely through the application of dry methods. 
Poor antimony ores (iither have not been used in the past, or have been subjected 
to a volatilizing roast, with subsequent reduction of the trioxide, usually in rever- 
beratory furnaces. 

This is, however, a somewhat laborious metal lurgi(!:il operation, and the applica- 
tion of electrolytic methods as a moans of extraction from poor ores has long been 
desired. 

During the high prices of the years, a small prodiKttion was made electrolytically, 
the solvent being a 6 per cent sodium hydroxide solution, which gives an extraction 
without serious contamination with other metals. 

This solution, electrolyzed, deposits antimony of a very high purity, but in ordi- 
nary times the deposition of the antimony and the necessary regeneration of the elec- 
trolyte are too costly to make the process commen;ial. The chief difficulty is a 
troublesome accumulation of thiosulphate at the anode which blocks the commercial 
success of the electrolytic process. 

When the solution is electrolyzed, the reaction at the cathode seems to be; 

Na^SbSs + 311 = Sb + 3NaSl , 

while at the anode, sodium thiosulphate and Na 2 S 2 arc formed by oxidation. The 
6 per cent NaOH solution holds about 3 per cent of antimony at first, but as thio- 
sulphate accumulates, the solvent power decreases until there has accumulated one 
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atom of Bulphur for each atom of sodium present^ when the solvent power has dropped 
to about 0.7 per cent. When this amount of sulphur has gone into solution the iron 
anode commences to be attacked and falls to pieces rapidly. A practical insoluble 
anode has not been found. The continuance of the process beyond this point at which 
the sulphur in solution commences to be in larger atomic percentage than the sodium^ 
requires the regeneration of the solution, or furnishing a new one. If a new solution 
is applied, it means the consumption of one pound of NaOH per pound of antimony. 

The best way to handle this situation seems to be the proposal by Demorest to 
evaporate the solution to dryness with exhaust steam; roast the residue in a rever- 
beratory furnace to get rid of about half the sulphur, thus changing the thiosulphate 
to sulphate; then mix with coal and heat until it has all been reduced to NasS, which 
quickly dissolves stibnite and can be put into the circuit again. Small-scale experi- 
ment' shows this to be successful, 1)ut it has not been tried on a large scale. 

To summarize, stibnite dissolves easily in NaOII or NajS, from which antimony in 
a high state of purity is precipitated with a current efficiency of about 76 per cent, a 
voltage of 2.7 giving a power cost about equal to that of the electrolytic production 
of zinc. The solution must be regenerated or renewed when one pound of antimony 
has been produced per pound of NaOH used. The electrolyte may be reduced to Na 2 S 
but the practicability of this has not been tried. 

Nevertheless, there remain possibilities of using the electrolytic process as an 
auxiliary method for complex gold-silvcr-antimony, or copper-antimony ores. 

The electrolysis of antimony for refining the (Tude metal has been studied by 
A. G. Betts, who came to the conclusion that a fluoride electrolyte offered the best 
chance of success. Arsenic and gold are deposited wdth th(^ antimony, however, and, 
so far as the author knows, the process has not been reduced to a working basis, 
largely because; of this fact. 

A current density of 11 amp. per square foot of anode surface gives a clean-cut 
crystalline deposit, easily scraped from the anodes on which the deposition takes placo. 
Higher current densities cause the deposit to be too compact for facility in cleaning 
up, while a lower current density causes the deposit to be too flocculent and to fall 
back into the un precipitated pregnant solution. • 

Refining of Antimony Metal. —Unrefined antimony metal usually contains 
sulphijj*, iron, arsenic, copper, and lead. The latter occufs frccpiently as it i.s 
quite common to find antimony and lead together in ore. Arsenic can be sepa- 
rated out during oxidizing, while the other impurities must be carried off in the 
slag. Copper and iron can be removed by the addition of antimony sulphide, 
together with soda or potash, or Glauber’s salt and charcoal. The addition of 
soda or potash also helps to remove suphur by fusion, and converts arsenic into 
arseniate of soda or potash. It is somewhat difficult to remove thel ead, and when 
antimony ores are found to contain a considerable percentage of lead, they may, 
with advantage, be smelted together with lead ores to produce hard, or antimonial 
lead (12 to 15 per cent Sb). / 

It has long been the practice of the trade to judge the purity of refined antimony 
by the development of a fem-like structure, or “stars,” on the surface of the ingot. 
The appearance of this structure docs not actually indicate the relative purity of the 
metal, but is only the result of cooling it slowly under cover of a layer of a properly 
prepared starring mixture — couverture — a slag which has a fusion point lower than 
that of antimony, which is 630°C. When the rcgulus contains impurities like sulphur, 
arsenic, lead, or iron, to any appreciable extent, its surface shows the presence of these 

^ Demorbst, D. T., Professor of Metallurgy, Ohio State Univorsity. 
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foreign elements by specks, by a leaden appearance, or by a poorly defined appearance 
of the fern-like structure. It is true, on the other hand, that regulus containing 
impurities above what are considered to be the limits imposed by the market, often 
shows stars as bright and well-defined as those of well-refined regulus. Since buyers 
demand this artificial adornment on the regulus, the starring operation has become 
a regular part of the refining process, adding an unnecessary cost of from $5 to $30 
per ton. • 



Fia. 18. — Starring on surface of antimony, 99. G per cent pure. 

Different mixtures for this couverture are shown in the following table, by Dr. C. 
Y. Wang, as used, according to local conditions, by various antimony smelters in China: 


(^OTTVEHTUUE MIXTURES 


Ingredients 

f 

• 

11 

III 

IV 

V 

VI 

VIJ 

VllI 

IX 

X 

XI 

XII 

XIII 

XIV 


«• 















Crude (high-grade).. 
Antimony totroxide 

8b2Sa 


l.J 

2 2 


7 

3 to 4 







0 

7 

(well-roasted crude) 

SbaOt 

24 

24 

1.3 2 




30 







14 

Antimony trioxido. . 

SbsOa 




20 

18 

32 


85 

4 to 5 


40 

7 

HP 


Potash 

KaCOa 

10 

11 

7 .5 






1 to 2>2 

1 

1 




Soda ash 

NaaCOa 

1 

3 


5 

4 

2 to 4 

to 6 

1.5 

4 

1 

1 

H 

Charcoal 

C 

J?4 

Ih 

5 7 



1 

1 






hi] 


Smelters using the 
mixtures 


H 

o 

flS 

*3 

H 

o 

£ 

To-cheng 

I 

ec 

I 

o 

tf; 

‘5 

Hi 


Pao Tai 

Wah Chang 

Wah Chang 



Loong Kee 

Pao Tai 

Pao Tai 


* Pure flue dust. 


Another starring mixture for pure Cliiiiese ores, patented by Wang in 1918, with 
the object of avoiding the use of mixtures containing any antimony compound, 
utilizes iron sulphide, which is generally discarded from the precipitation process of 
antimony smelting as useless. This by-product takes the place of an antimony com- 
pound, and is used with any suitable alkali compound, preferably potassium car- 
bonate. The proportions of the mixture are as follows: iron sulphide, 9 to 14 parts; 
potassium carbonate, 8 parts. 
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In England the process of refining and restarring the star bowls, also a pot-furnace 
operation, is as follows: The lumps of metal, when cold, are removed from the mold 
and are thoroughly cleaned from the adhering skin of slag by chipping with sharp 
hammers, this part of the work being sometimes done by women. Unless this 
cleaning process is carefully done, it is well-nigh impossible to obtain good stars on 
the finished metal. The chippings are returned to the second smelting. Having 
been cleaned, the star bowls are broken small. The charge made is about 84 lb., 
together with enough flux to surround the ingots completely; the quantity is generally 
8 lb. for ingots of the ordinary shape. The melting takes place in the crucibles stand- 
ing close to the fireplaces, where the fusion is most rapid. The metal is charged 
first and is closely watched ; as soon as it begins to melt, the flux is added ; and as soon 
as the fusion appears to be comi^ete the furnace man stirs the mixture once round 
only, with an iron rod, and the charge is then poured out. The flux is used over and 
over again, being regenerated by the addition of carbonate of potash. The ingots 
must be completely surrounded by the flux; there must be a thin layer of it between 
the mold and the metal, and also the whole surface of the ingot must be covered by the 
flux to a depth of a quarter of an inch. Any traces of the flux still adhering to the 
ingot are removed by washing in warm water, with the assistance of a little sharp sand, 

For a charge of 60 to 70 lb. of bowl metal, with 1 to 2 lb. potash and 10 lb. of slag, 
obtained from a previous charge of French metal, the time required is three-quarters 
of an hour. 

Refilling in Reverberatory Furnaces. — The refining operation is in most cases 
carried on in a small furnace, of reverberatory type, and proceeds about as follows : 
1,200 to 1,500 lb. of impure antimony are melted as one charge, to which is added 
3 to 7 per cent of soda, mixed with a little coke dust or fine charcoal. The slag 
from this fusion gradually becomes thicker and thicker, and after about 3 hr. 
is skimmed off through the working door. Up to this point, the iron and sul- 
phur remain as impurities in the metal. They are next removed by adding 
ingredients capable of forming antimony glass, such as oxysulphide of antimony. 
For each 100 lb. of antimony in the charge, 3 lb. of liquated sulphide of antimony 
and lb. of antimony tetroxide are thrown in, and as soon as these are fused, 

lb'.* of potash are added. Care is taken that the bath o! metal is completely 
covered with the fluxes. 

The metal can be ladled out, after another 15 min., being handled cautiously, in 
order to secure the starred appearance of the ingots. Three charges of about 1,500 lb. 
each can be refined in one of the small furnaces used, in 24 hr., with a coal consump- 
tion of 1,300 lb. 

The slag obtained in the final step of the refining operation is called “star slag,” 
and consists principally of antimony glass, carrying from 20 to 60 per cent of anti- 
mony. It is used repeatedly for refining, until it becomes too impure for the purpose, 
when it is charged along with the ore for the first smelting. The other "slags obtained 
in the course of refining are also added to the smelting ore charges. 

The proper procedure for charging any of the above mixtures is as follows: The 
compound, after being thoroughly mixed, is immediately charged into the reduction 
furnace as soon as the skimming is finished. The doors are closed and vigorous firing 
is maintained; as soon as it is observed that the mixture is completely melted, ladling 
commences. Each ladle dips into the molten metal and, in coming out, picks up a 
certain quantity of the molten couverture, which, when poured out together with the 
metal into a hot mold, completely covers the metal on all sides. Ladling must be 
done rapidly for each moldful — ^four or five ladles to one slab of regulus according to t 
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the size of the ladle used. The thickness of the solidified couverture varies from 1 to 
2 rum. on all sides except the top, which varies from 5 to 7 mm. The amount of 
couverture required for each charge varies from one-sixth to one-fourth the weight of 
the regulus produced. It is remarkable that generally the weight of the solidified 
couverture hammered off from the slab after cooling is less than the original weight 
of the mixture put in by about one-third, due in part to volatilization and in 
part to wall-fluxing during melting. The couverture can be us5d over again the 
second or third time, sometimes with an addition of a little soda, until it is so con- 
taminated with impurities that it cannot produce any good stars. Then the wornout 
couverture is mixed with the ordinary charge of trioxidc or tetroxide and is calculated 
as an equivalent amount of soda required for that charge. In connection with this, 
the practice at the Loong Kee and the Pao Tai smeljcrs may be mentioned : The Loong 
Kee smelter uses for every 14 tons of regulus produced 1.14 tons of couverture which, 
according to No. XII of the table on page 88S, contains 1 ton of trioxide and 0.14 ton 
of soda. The Pao Tai smelter uses 1 ton of couverture No. XIV for 14.5 tons of 
regulus. 

The refining operation itself is done in (1) pot furnaces, or (2) reverberatory furnaces. 
In the Herrenschmidt mcithod, as used by the Wah Chang Mining & Smelting Co. in 
China, the refining is practically done in the furnac.e (Fig. 16), while additional refin- 
ing and starring are accomplished by means of the starring mixture poured into the 
molds ready to receive the molten metal. The metal obtained by the smelting proc- 
esses in vogue in Mexico, England, Hungary, France, and other countries is so impure 
that refining must be carried out as a separate process. 

Refining in Pot Furnaces. — This type of nifining furnace has been in use at 
Sept^mes in F ranee, in Fhigland, and at Oakland, Cal. The Septimus furnace was 
7 ft. long and 5 ft. wide at the middle, with a height of roof above middle of bed of 
1 ft. 0 in. It held thirty crucibles, each holding a charge of 48.5 lb. of impure 
antimony. Crucibles were made of fireclay, and lasted five or six charges. To 
each charge were added 13 to 17 lb. of flux, which consisted of a mixture of sul- 
phate and carbonate of soda, with a little salt and pure oxidized antimony ores. 
Fusion lasted 6 hr., with a consumption of 450 to 550 lb. of coal — -a low red heat 
being maintained. 

The loss due to volatilization during this reverberatory refining tends to run quite 
high, in some cases 20 to 30 per cent. 'Hie flu<j du.st consists principally of the 
trioxide and tetroxide, and its retreatment, of course, cuts down the md, loss of the 
process. 

The composition of specimens of regulus before ndining is shown in the following 
table: 



English process 

Sublimation process 

Specimen 1, 
j)er cent 

1 

Specimen 2, 
jier cent 

Specimen 1, 
per cent 

Specimen 2, 
per cent 

Sb 

94 50 

84 00 

97 20 

95 00 

Fe 

3 00 

10,00 

2.50 

4.00 

S 

2 00 

5 00 

0.20 

0.75 

As 

0.25 

1.00 

0 10 

0.25 
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Typical analyses of refined antimony supplied from the English, Japanese, and 
Chihese producers are shown in the following figures:' 


Lead 

Tin 

Arsenic 

Bismuth 

Copper 

Cadmium 

Iron 

Zinc 

Nickel 1 
Cobalt J 

Sulphur 

Antimony (by diffcrciKH') . 

Total 


Cookson’s 
per c(‘iit 


0 102 
Trace 
0.092 
None 
0 046 
None 
0 004 
0 034 

0.028 

0 080 
99 (i()8 


100 


Hallett’s 
per cent 


0.718 
0.012 
0.210 
None 
0 046 
None 
0 007 
0.023 

None 

0 128 
98 856 


100 


Japanese 
“MC/^ 
per cent 


0 424 

0.012 

0.095 

None 

0 043 

None 

0.007 

0.023 

None 

0 201 
99 195 


100 


Chinese, 
per cent 


0.029 

None 

0.090 

None 

0.012 

None 

0.004 

0.027 

Trace 

0.078 

99.76 


100 


A trade analysis of the (Uimose “W.C.(\” brand, typical of the highest grade 
of regulus produced by the Chinese plants, shows: 


Lead 

Tin 

Arsenic 

Bismuth 

Copper 

Cadmium 

Iron . .... 

Zinc ... ... 

Nickel 1 

Cobalt J 
Sulphur . . . 

Antimony (by difference) 


Pkm Cent 
Trace 
0.030 
0.095 
None 
Trace 
None 
0.009 
Trace 

None 

0.018 

99.848 


Summary of Antimony Metallurgy. — The only ore of practical^ importance is 
the sulphide stibnite of low specific gravity, 4.5. The crushing of stibnite leads to 
the production of large quantities of fines and slimes, as the mineral is sectile as 
well as brittle. Methods based on gravity concentration arc, therefore, wasteful, 
and it is true also that they can be dispensed with, in most cases because there is 
a process available for the direct extraction of the metal from poor, medium, and 
rich materials, into which classes an ore can be readily graded by hand sorting. 
The expense of concentration does not appear, so far, to be justified in the case of 
ores containing no other valuable constituent than antimony, unless it be to save 

1 Cowan, W. A., “The Metallurgy of Tin and Antimony.’* Trans., A. I. M. E., 17 (1914). 
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freight. In this case, flotation appears to be by far the most satisfactory method^ 
and it will undoubtedly find a place in antimony metallurgy; it is already con- 
templated in New Brunswick, as a measure that may bring this field into com- 
mercial production, in competition with the Chinese hand-labor product. 

Of the processes for extracting antimony, no hydrometallurgiyal or electrolytic 
method is beyond the experimental stage. The important smelting processes are 
subdivided into: (1) roasting to trioxide or tetroxide and reduction of either oxide 
by carbonaceous fuel; (2) precipitation of metal from crude by iron; (3) stibnite smelt- 
ing in the blast furnace. It is to be emphasized that, whatever smelting method be 
followed, an antimony plant must have a particularly good flue and condensing sys- 
tem, Bag houses are used; the Cottrell system wastinstalled by one plant in 1918 and 
apparently has been entirely successful. The Cottrell oxide is understood to be very 
white, two forms of oxide being produced; heavj^ octahedral crystals in the Cottrell 
and light prismatic crystals in the flues precieding the Cottrell apparatus. As vola- 
tilization is heavy in all cases, the success of any antimony plant involves thorough 
and adequate recovery of the fumes. 

In the roasting of stibnite, it is to be noted that the ore may be converted either 
into the volatile trioxide — the first step in the production of the metal by the French, 
or Herrenschmidt process — or to the non-volatile tetroxide. The latter step has now 
become almost obsolete. By roasting to the trioxide, the antimony is freed from the 
ganguc and non-volatile metallic matter, and the presence of heavy ganguc is useful 
in this operation in retarding the fusibility of the stibnite. This volatilizing roasting, 
therefore, affords the best method of utilizing the poorest ores. It is not suitable 
for rich, fusible, ores. 

Roasting to the tetroxide, now in disuse, fails to separate the metal from the 
gangue, in the case of the poor ores, and is a tedious operation in the case of the richer 
ores, and one that is unnecessary inasmuch as the latter class can be treated by 
direct precipitation methods. As to roasting, then, the process for the poorest ores 
and liquation residues (about o to 20 per cent of antimony) is the method involving 
the trioxide, which isj necessarily, applicable only to ores close at hand, as otherwise 
freight must be paid on low-grade material. This process is the one used, also, for 
gold-antimony ores, tlj,e precious metal, of course, remaining in the residues. ^ 

As the ore becomes higher in grade, roasting becomes increasingly unsatisfactory 
for the removal of all the antimony from the gangue. Ores carrying 25 to 40 per cent 
of the metal are in a zone too rich for good roasting and too poor for liquation or 
precipitation smelting. For ores and products of this antimony tenor the blast fur- 
nace offers the method of greatest efficiency, having the advantage of large capacity, 
and being adaptable to the handling of all kinds of by-products. The blast furnace 
gives the three products — metal, high-grade fume, and a slag practically free from 
metal. The blast furnace in an antimony smeltery serves as a catch-all for odds and 
ends. Its one disadvantage — high volatilization — can be controlled by high shaft 
and ample fume and dust-recovery facilities. 

Volatilization and the necessary dilution of the charge, however, stand against the 
use of the blast furnace for rich ores. Material richer than 45 per cent and below 
60 per cent is in a class, then, which is not suitable for roasting or blast furnacing, and 
still contains too much gangue for best results in direct precipitation smelting. For 
such ores liquation is considered the best process, being a form of pyroconcentration, 
which splits medium ores into higher and lower products more conveniently treated 
than the original ore. These products are: (1) crude, for subsequent smelting by 
precipitation with iron, and for which there is, also, always a considerable market 
from the chemical trade; (2) liquation residue, for subsequent treatment by roasting 
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or blast fumacing) according to its grade; and (3) flue dust, which is worked up for 
metal, and used in the refining operation. 

Lastly, the richest ores (over 60 per cent), and crude, are best smelted by the pre- 
cipitation process. This proceeds most efficiently in the reverberatory furnace. This 
class of material has almost no gangue, and requires practically no flujdng. The 
principle of this precipitation process is simple, but its manipulation is somewhat 
intricate. The final temperature of the bath must be high, else the iron does not exert 
its preferential affinity for sulphur over antimony. In one English smeltery, the pre- 
cipitation process continues to be carried on in crucibles, but this is a very expensive 
method. 

For the reduction of Oxidized antimony materials — rich ore, flue dust, and trioxide 
— by carbon, the reverberatory m the most generally employed and most suitable 



Fio. 19. — Plan of Loong Keo smelter, China. 


furnace. In this operation, which forms the second step in the Herrenschmidt proc- 
ess, the sodium salts (sulphate, carbonate, and chloride) are used as fluxes, and also 
keep down volatilization. The finely ground ore, or flue dust (trioxid 9 ) is intimately 
mixed with, say 10 per cent of powdered charcoal or coke. A high-grade metal is the 
result of the reduction, which can be “starred^' in one operation, after skimming and 
adding the refining flux. The slag is returned to the reverberatory or blast furnace. 

Refining of antimony metal is largely an empirical proceeding, varying in different 
localities to suit conditions. It has the double object of removing as many of the 
impurities as possible, and of giving the final metal a good “star” — an artifice called 
for by the trade but having no bearing, necessarily, on the degree of purity of the 
regulus. It may be produced with inferior qualities of metal, while the highest 
grades may show an imperfect star or none at all, if precautions in pouring and cool- 
ing are not observed. In refining, iron, if present in considerable amount, is removed 
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by a fusion with crude or rich ore, the sulphur of which combines with the iron to form 
a matte that can be skimmed off. Sulphur is removed by adding oxide dust to the 
refining slag. Lead does not yield to ordinary methods of refining, and it is thus a 
most objectionable inpurity in antimony ore. On a large scale, refining is performed 
in the reverberatory; in small plants it is done in graphite crucibles. 

A typical layout of a reverberatory furnace plant is shown in Fig. 19, a plan of the 
Loong Kee Smelting Works, the largest of the Chinese plants. 

Control of the World’s Antimony Resources. — The total world’s production of 
antimony during the three years prior to the World War averaged about 30,000 
tons. Approximately, 70 per cent of this quantity was supplied by China, in 
the form of antimony metal, needle or crude, and*j)re. The United States, France, 
Germany, and Great Britain normally consume 85 per cent of the antimony of 
the world, and of these France alone is independent of foreign sources of supply. 

The peace-time consumption of antimony is limited rather by the relatively 
restricted uses to which antimony is put than by any lack of potential supply. As a 
consequence, steady production has boon maintained only from those districts in 
which operating expenses are low and markets readily available, or in which the 
deposits contain other metals of value. Modern warfare, however, creates a special 
use for antimony — in the manufacture of shrapnel — wliic,h requires many times the 
amount of antimony necessary for ordinary peace uses. In each of the three impor- 
tant wars of the last 30 years, the Bo(t War, the RussoJapanese War, and the World 
War, the curves of antimony prices and production have risen sharply in accordance 
with the demand and have fallen as rapidly after the need for munitions was past. 

The antimony-producing countries of the world may be divided into three groups 
as follows: 

1. Principal producing countries in order of importance: China; France and 
Algeria; Mexico; and Austria-Hungary. 

2. Countries in which production is irregular in normal times but in which poten- 
tial reserves are considerable and production important at high-price levels: Bolivia; 
Australia (Victoria); Burma; South Africa; Italy; and Spain. 

3. Countries in which normal production is small and in which known reserves are 
probably less important: United States and Alaska; Canada; Peru; Germany; Vurkey 
(Asia Minor); Serbia; Portugal; Borneo; Indo-China; and Japan. Canada, through 
the activities of the Nortli American Antimony & Smelting Co. near Lake George, 
New Brunswick, may take a more important place. 

Prior to 1914, only one company in the United States had attempted the smelting 
of antimony. During the war, considerable activity prevailed, however, and several 
companies undertook the smelting of foreign and domestic ores. China, Bolivia, and 
Mexico were the principal sources of ore supply. The success of all these enterprises 
was only temporary, as under normal conditions high cost of production in this 
country prevents successful competition with Chinese metal. American smelting 
interests exert little control on the antimony of the world at the present time. The 
smelter capacity of the country is estimated at 6,000 to 7,000 tons of metal per annum 
all of which is idle at present. 



CHAPTER XXIV 


BISMUTH 

By Walter C. Smith' 

ffistory. — The metal bismuth appears to have been unknown to the earlier 
metallurgical writers. Agricola makes the first mention of it as a form of lead, 
and describes a method of separation from its asscxjiated minerals by liquation. 
Mathesius, in his ^^Bergpostilla,” 1563-1562, describes it as a white metal, like 
pyrite. 

Physical Properties. — Bismuth is a very brittle metal of high luster and a 
characteristic reddish-white color. It looks much like antimony, but can be 
distinguished from it by its color. Other physical properties are: atomic weight, 
208; number by Moseley^s arrangement, SS; hardness, 2 to 2.5; specific gravity 
in solid phase, 9.82; specific gravity in liquid phase, 10.055; expansion on solidi- 
fication, 2.35 per cent.; fracture, coarsely crystalline; color, reddish white; luster, 
brilliant metallic; crystallization, hexagonal rhombohedra; melting point, 267®C. 
(511®F.); boiling point, 1090 to 1450®C. (1994 to 2642®F.); thermal conductivity, 
1.8 per cent of silver; electrical conductivity, 1.19 ]yer cent that of silver at 
13.8®C.; specific heat, Sm (0 to f®), 0.0285 + 0.00002f (cal. per kilogram) ; heat 
in metal at melting point (solid), 9.0 cal. per kilogram; heat in metal at melting 
point (liquid), 21.0 cal. per kilogram; latent heat of fusion, 12.0 cal. per kilogram; 
magnetic properties, most diamagnetic substance known. * 

Chemical Properties.— Bismuth is not affected by air at ordinary temperature; 
heatednn contact with air, it becomes coated with a grayislf-black oxide at tem- 
peratures just below the melting point; at higher temperatures a yellow or green 
oxide (Bi208) is formed. Bismuth burns with a bluish flame at a bright-red 
heat, forming Bi208, which often looks like yellow smoke. Water does not affect 
bismuth at ordinary temperatures; at white heat, water vapor is slowly 
decomposed by it. 

Bismuth combines directly with chlorine, bromine, and iodine. It is not attacked 
by dilute sulphuric, dilute hydrochloric, or cold concentrated sulphuric acids; hot 
concentrated hydrochloric acid attacks bismuth slowly. It dissolves in hot concen- 
trated sulphuric acid and is readily soluble in nitric acid or aqua regia\ either hot or 
cold. Molten bismuth combines directly with sulphur to form bismuth sulphide 
(Bi 2 Si). Bismuth is precipitated from solution as metal by metals of the alkalies, 
the alkaline earths, zinc, manganese, iron, nickel, cadmium, copper, tin, and lead. It 
is precipitated from solution as the sulphide by hydrogen sulphide and all the soluble 
sulphides. Basic salts of bismuth are precipitated from solutions of the sulphate, 
nitrate, and chloride of bismuth upon heavy dilution with water. 

Uses.— 'Bismuth is a constituent of a number of low-melting-point alloys; 
it is also added to certain alloys to correct excessive shrinkage upon solidification. 

1 Chemioal and Matallurgioal Engineer, BaUimore. Md. 
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The composition of some of the common low-melting-point alloys is shown in 
the following table: 


Name 

Composition 

Melting point, degrees 

Bi 

Pb 

Sn 

Cd 

•Centigrade 

Newton's metal 

2 

5 

3 


94.5 

Rose's metal 

2 

1 

1 


93.75 

Lichtenberg's metal 

5 

3 

2 


91.60 

Wood's metal 

4 

2 

•l 

1 

71.0 

Lipowitz's metal 

15 

8 

4 

3 

60.0 


Bismuth alloys are used for solders; in dental amalgams; for taking impressions of 
woodcuts, coins, and similar objects; for fusible safety plugs; heads for automatic- 
sprinkler systems, fusible cores for electroplating and for silvering mirrors. Small 
quantities of bismuth compounds are used in the ceramic and paint industries. It 
is extensively used for the preparation of pharmaceutical compounds, for which pur- 
pose the subnitrate, the subiodide, the subcarbonate, the oxychloride, and the formic 
iodide of bismuth are the most widely known. Bismuth used in the manufacture of 
pharmaceutical compounds must be especially pure, arsenic and tellurium being 
particularly objectionable. 

Mineral Industry^ 1921, gives the following data: 


Imports of Bismuth into the United States 


Year 

Pounds 

Value 

1911 

178,298 

$321,360 

1912 

166,980 

3^,282 

1913 

151,030 

257,176 

1914 ' 

133,190 

241,448* 

1916 

34,237 

72,587 

1916 

64,821 

155,925 

1917 

88,465 

196,113 

1918 

85,611 

208,098 

1919 

76,539 

228,376 

1920 

75,781 

97,489 

1921 

94,085 

114,891 


The estimated production of bismuth in the United States is given as follows: 

1919 290,0001b. 

1920 228,0001b. 


1919 290,0001b. 

1920 228,0001b. 


Sources of Bismuth, — The supply of bismuth is derived from two principal 
sources: (1) ores mined and treated for their bismuth content; (2) metallurgical 
products in which bismuth has been concentrated. 

Bismuth ores have been found in commercial quantities in parts of Germany, 
the old Austro-Hungarian Empire, Chile, Peru, Bolivia, Mexico, United States, China, 
and Australia. Bismuth usually occurs in ores as metallic bismuth, as bismuth oxide" 
(BiiOi), sometimes mixed with the carbonate and the hydrate, and as the sulphide 
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(BitS«). The ores are seldom found pure, and generally cx>ntain more or less of the 
following impurities: lead, tin, copper, silver, gold, arsenic, antimony, setoium, 
tellurium, tungsten, vanadium, nickel, and cobalt. 

Bismuth often occurs in small quantities in various ores which are mined and 
treated for the recovery of one or more metals other than the bismuth, the bismuth in 
those ores being concentrated in certain products which then become a source of bis- 
muth. These products are: enriched lead from the Pattinson process of lead refining; 
litharge; furnaces and cupel bottoms; mattes; speiss; anode slime from electrolytic 
refining of lead, copper, and tin; and various flue products. 

Extraction of Bismuth. — Both fire and wet methods, or a combination of both 
methods, are used for the extraction of bismuth from ores and metallurgical prod- 
ucts. The greater portion of the production is obtained by fire methods. 
Bismuth produced by either method is generally too impure for use, and must be 
refined. One of the earliest methods to be employed for the recovery of bismuth 
was liquation. 

Extraction by Liquation. ^ — This process was formerly used in Saxony. The 
liquation was carried out in inclined cast-iron pipes, heated with a wood or coal fire. 
The ore containing metallic bismuth was introduced into the pipes and the readily 
fusible bismuth melted and flowed out of the lower ends of the pipes, leaving the 
ganguc of the ore as a residue in the pipes. This residue still contained considerable 
bismuth, and was drawn from the pipes, smelted to a bismuthic speiss, and then 
retreated in the liquation furnace. One form of liquation furnace carried eleven 
cast-iron pipes, each 4 ft. long, 10 to 12 in. high, and 6 to 8 in. wide; each pipe received 
a charge of about 33 lb. of ore; from 15 to 20 min. were required for the liquation, and 
the furnace consumed approximately 690 cu. ft. of firewood per 24 hr. 

Extraction by Fusion. — The fusion of raw or roasted bismuth ores, with carbon 
for reduction and the proper fluxes to yield a fusible slag, has superseded the liquation 
process. The fusion is carried out either in crucibles or small reverberatory furnaces. 
Metallic iron is added to the charge to decompose any bismuth^sulphides in the melt. 
Lime, soda ash, salt cake, fluor spar, and feldspar are some of the fluxes used to give a 
fusible slag. The products of the fusion are metallic bismuth, matte, or speiss, and 
slag. The melt is usually cast into molds and the three priSducts separated after 
solidification. The matte or speiss retains somc> bismuth and hence is crushed, roasted, 
and resmelted. Crucibles made of fire clay, and furnace hearths made of fire brick 
give the best results; the furnace hearth should be removaVile to permit rapid repairs. 

Extraction of Bismuth from Alloys. — Alloys of bismuth and lead, or with lead and 
the precious metals, are often treated for the recovery of the bismuth. When a lead- 
bismuth alloy is subjected to an oxidizing fusion, the lead is oxidized first, the bismuth 
beginning to oxidize only when the greater proportion of the lead has been removed. 
The cupellation of a lead-bismuth alloy can, therefore, be so conducted that the first 
product is litharge; then a litharge containing bismuth; and then, a heavy black oxide 
of bismuth, nearly free of lead. The bismuth litharge is generally reduced with carbon 
to metal, and is returned to the cupel furnace. The black oxide of bismuth is reduced 
with carbon to crude bismuth. The enriched lead from the Pattinson process of lead 
refining is usually cupeled and yields litharge, bismuth litharge, and a gold-silver 
alloy called dor4. The bismuth litharge is reduced to metal and again cupeled; 
these operations are repeated until the bismuth is suflGiciently concentrated to permit 
extraction by wet methods. 

Wet Extraction of Bismuth. — When bismuth is present in ores and metallurgical 
products as oxide or carbonate, hydrochloric acid is usually employed to dissolye 

> SosnXbbl, ‘‘Handbook of Metallurgy,*' vol. 2. 
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the bismuth. Metallic bismuth or alloys are treated with nitric acid, aqua reguif 
or hot, concentrated, sulphuric acid. The wet method most commonly employed for 
the extraction of bismuth is conducted approximately as follows: Finely crushed 
bismuth litharge, cupel bottoms, or other oxidized material, containing from 5 to 20 
per cent of bismuth, are treated in stoneware or other suitable vessels with hydro- 
chloric acid. The proportions are 140 to 155 lb. of hydrochloric |icid and 22 lb. of 
water for each 100 lb. of material treated. The mixture is heated gently and stirred 
for from 5 to 6 hr. ; water is carefully added until the white bismuth oxychloride just 
begins to form; it is allowed to settle for from 6 to 8 hr., and the clear solution is then 
siphoned into wooden tanks. Water is next added to this solution in order to complete 
the precipitation of the bismuth oxychloride, and the mixture is again allowed to settle. 
The clear liquor is siphoned off and is treated with scrap iron to precipitate any copper 
carried by the solution. The bismuth oxychloride is washed with hot water to remove 
as much lead chloride as possible; is dissolved in hydrochloric acid; is reprccipitated by 
dilution with water; and this treatment is continued until the bismuth oxychloride is 
free of all but the last traces of lead. It is then filtered, dried, and smelted with lime 
and charcoal to metallic bismuth. The bismuth produced by this method usually 
contains small amounts of lead, silver, and other impurities. The leach residue 
contains lead, silver, and other metals; it is washed, filtered, dried, mixed with lime or 
soda ash, and carbon, reduced to metal, and reworked in the cupel furnace for the 
recovery of the silver. 

Mrazek^ proposed to treat alloys of lead and bismuth with sulphuric acid. Alloys 
containing from 50 to 60 per cent bismuth were granulated and treated with hot, 
concentrated, sulphuric acid. The bismuth and silver dissolved, and the lead remained 
as an insoluble residue of lead sulphate; the silver was precipitated from the solution 
by means of sodium chloride, and then the bismuth by means of iron. The spongy 
bismuth was washed, dried, and melted. 

De Luyne* proposed to treat alloys of bismuth, lead, and tin as follows: The 
alloys were to be treated first with cold concentrated hydrochloric acid in order to 
remove as much of the tin as possible; the residue was then to be treated with aqua 
regiUj and the bismuth precipitated from the solution by dilution with water. The 
bismuth oxychloride was to be reduced with lime and charcoal, or by the reduction with 
zinc in the presence o( hydrochloric acid. Dc Luyne also proposed to treat le{^d, tin, 
and bismuth alloys with nitric acid, the lead and bismuth being soluble and the tin 
insoluble; the bismuth was to be precipitated from the solution with metallic lead, and 
the lead as carbonate with sodium carbonate. 

Electrolytic Extraction of Bismuth. — Borchers proposed to treat alloys of lead 
and bismuth, and lead-bismuth and silver, by electrolysis of the molten alloy under 
fused alkaline chlorides in specially designed cells. Under the action of the current, 
lead is dissolved as chloride and deposited as metallic lead at the cathode; the bismuth 
and silver do not dissolve and colle<!t at the bottom of the anode compartment. With 
a current density of 100 amp. per square foot, the voltage drop was reported to be 
0.5 volts; or 13.4 lb. of lead can be separated per kilowatt-hour. This process has 
never been used commercially. Alloys of bismuth and lead have been treated by 
electrolysis, using the Betts process. The alloy anodes and pure lead cathodes are 
immersed in an electrolyte of lead fluosilicatc and hydrofluosilicic acid; a current den- 
sity of from 15 to 20 amp. per square foot of cathode is employed; pure lead is deposited 
on the cathode; the bismuth remains on the anode as a hard porous cake, which has to 
be broken off, washed, and melted down to a bismuth carrying from 3 to 10 per cent 
of lead. 

Recovery of Bismuth from Lead Bullion. — Three methods are available for 
the desilverizing and refining of lead bullion ; these are the Parkes process (zinc- 

1 Often. Zeit., 14 and N (1874). * Dint/lna poljfteeh. J., 147, 289. 
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ing); Pattinson process (crystallizing), or one of its several modifications; and the 
electrol3rtic process. 

The Parkes process does not remove the bismuth from lead bullion, and, therefore, 
is not satisfactory for treating a bismuth-bearing bullion. The Pattinson process 
yields two products: a refined lead, more or less free of bismuth; and an impure lead, 
called work lead,^ which contains the major portion of the bismuth, silver, and gold 
contained in the original bullion. This work lead is generally cupeled to recover the 
gold and silver, and the bismuth is concentrated in the bismuth litharge from which 
the bismuth is extracted. The electrolytic process yields a high grade of refined lead, 
even from bullion carrying a relatively large amount of bismuth, and an anode slime 
or sludge. This anode slime is treated for the recovery of the gold, silver, bismuth, 
and other elements of commercial^value. An American refinery at one time treated all 
of its lead bullion by the Parkes process for the recovery of gold and silver. The 
desilverized bullion was rich in bismuth and was then treated in a modified form of the 
Pattinson process, yielding corroding lead and an enriched lead. This enriched lead 
was cast as anodes, and sent to the electrol 3 rtic tanks for refining by means of the Betts 
process. The anode slime was then treated for the recovery of the bismuth. 

Recovery of Bismuth from Electrolytic Lead Slime. — The slime is removed 
from the scrap anodes, washed to remove soluble lead and acid, filtered, dried, and 
melted in a reverberatory furnace. The lead, antimony, and arsenic are then 
separated from the gold, silver, copper, tellurium, and bismuth by means of a 
very carefully controlled oxidation. This operation can be so conducted as to 
force all of the lead, arsenic, and antimony into an oxide slag carrying only traces 
of bismuth, leaving the gold, silver, copper, tellurium, and bismuth as a metal. 
This metal is transferred to a second furnace and the oxidation continued until 
practically all of the bismuth, copper, and tellurium have been removed as molten 
oxides, and a gold-silver dor6 results. The oxide slag of bismuth, copper, and 
tellurium is crushed to small size, mixed with salt cake and coke breeze, or soft 
coal, and smelted in a small reverberatory furnace to an impure bismuth, matte, 
and soda slag. The matte and slag are skimmed off and the bismuth cast as bars 
for lining; the matte and soda slag are then reworked f<jr the recovery of the 
bismuth and other metals which they still contain. 

Refining of Bismuth. — Bismuth produced by fire methods usually contains 
lead, arsenic, antimony, sulphur, selenium, tellurium, iron, gold, silver, and some- 
times nickel and cobalt as impurities. The following are analyses of four samples 
of crude bismuth: 



Peru* 

Australia^ 

United 

States* 

United 

States® 

Bismuth 

93.37 

94.10 

90.45 / 

95.03 

Antimony 

4.57 

2.62 

0.91 

Trace 

Arsenic 


0.29 

0.26 

Trace 

CoDoer 

2.06 

1.94 

3.71 

2.97 

Lead 



1.32 

0.87 

Sulphur 


0.43 

0.99 

0.21 

Tellurium 



1.31 

0.45 

Silver, ounces per ton 



154.5 

120.2 

Gold, ounces per ton 



31.6 

35.92 







» Mineral Ind. (1896). 72. * Pereonal Notes. 











850 


NON-FERROUS METALLURGY 


Impure bismuth is not suitable for many purposes for which the metal is 
employed and, therefore, must be refined. Refining of crude bismuth can be 
carried out by three methods: wet, fire, and electrolytic, or by a combination of 
several of these methods. 

Refining Processes. — Refining of bismuth by wet methods is seldom used except 
when the bismuth has been separated by wet methods, or when sniall quantities of 
exceedingly pure metal are required. Wet methods are much more expensive than 
fire methods of refining and cannot be operated on so large a scale. 

Liquation of bismuth on cast-iron hearths is practiced to some extent in Saxony for 
refining of bismuth. The liquated metal is allowed to cool to the freezing point before 
-casting in order to separate any sulphide of bismuth from the metal. The residues 
remaining on the hearth contain most of the impurities carried by the original bismuth. 
Lead and tin are not separated from bismuth by liquation, and the liquated metal is 
seldom suitable for pharmaceutical use. 

The refining of bismuth by melting with fluxes gives better results than liquation, 
but it is often necessary to make several melts, using different fluxes. The choice of 
flux depends upon the impurities to be removed. The melting of bismuth with 
fluxes is carried on in crucibles, kettles, or small reverberatory furnaces. Borchers 
suggests a fusion in cast-iron pots with bismuth oxychloride, sodium chloride, 
potassium chloride, and caustic soda for the removal of lead. Quesncvillc claims that 
a fusion with niter and sodium chloride will remove arsenic, and some lead and iron 
from bismuth. Werther claims that arsenic may be removed by means of a fusion 
with one-eighth of its weight of sodium carbonate and one-si xtyfourth of sulphur. 
Thilrach states that arsenic and iron can be removed by fusing bismuth with potassium 
chlorate to which 2 to 5 per cent of sodium carbonate has been added. Both M(!?hu 
and Matthey^ claim that heating bismuth for a considerable time at a temperature of 
in contact with air will remove the arsenic completely, without the loss of bis- 
muth. Smith* removes arsenic, tellurium, and zinc by fusion under a cover of caustic 
soda, stirring by means of superheated steam. Tamm used thin sheet iron and a 
cover of borax, at a kright-red heat, to remove arsenic. Johnson, Matthey & Co.^ 
treats bismuth containing antimony by heating the metal to the oxidation temperature 
of antimony, and poling with wood. An example is: 700 lb. of bismuth (96.2 pm* cent 
Bi, 0.8 per cent Sb, 0.4 per cent Fe, 2.1 per cent Pb, 0.5 per cent Cu, and a trace of 
arsenic) are heated to 458°C. and poled with wood for 4 hr. The antimony is all 
removed as a scum or dross. This dross carried 30 per cent antimony and about 10 
per cent bismuth. Fusion of bismuth with bismuthic oxide will remove both arsenic 
and antimony from the bismuth. Tlie amount of oxide used is from two-and-a-half 
to three times the weight of antimony in the crude bismuth. Borchers* treated crude 
bismuth by a fusion with caustic soda, sodium and potassium chlorides, and bismuth 
oxychloride to remove lead; then by a fusion with caustic soda and niter to remove 
antimony. Tamm used a mixture of 8 parts of potassium cyanide and 3 parts of 
sulphur added to the molten metal for the removal of (jopper as copper sulphide. This 
treatment also removed some of the lead, arsenic, antimony, and tellurium. A fusion 
of crude bismuth with bismuth sulphide is an effective moans of removing copper; the 
same result is obtained by adding sulphur to molten bismuth and stirring with steam. 
The fusion of bismuth with sodium sulphide gives a good elimination of copper if the 
melt is properly stirred. Johnson, Matthey & Co.^ employs crystallization similar to 
» Matthby, Chem. Newn (1893), 03 to 67. 
s Smith, W. C., U. 8. patent, 1166721, Jan. 4, 1916. 
a EUrtro-metaUurffie (1893), 32$; (1903), 481. 

*Proc. Roy. Soc. (London), 41 , 89 to 94. 
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the Pattmson process for lead as a means of separating lead from bismuth, the lead 
tending to concentrate in the liquid portion and the bismuth in the OT:ystals. 
Examples follow: 


PSB CiNT 
Lsad 


Original bismuth carried 14.6 

First crystallization gave crystals carrying 9.8 

Second crystallization gave crystals carrying 5.1 

Third crystallization gave crystals carrying 3.8 

Fourth crystallization gave crystals carrying 2.5 

Fifth crystallization gave crystals carrying 0 4 


Starting with 10,675 lb. of leady hssmuth carrying 5 per cent lead, six or seven crystal-" 
lizations yielded 9,306 lb. of good commercial bismuth, or a return of 94 per cent of 
the total bismuth; and 1,188 lb. of alloy, carrying 40 per cent lead. The crystallisa- 
tion can be carried on, if necessary, until complete elimination of the lead is obtained. 
Gold and silver' can be separated from bismuth by crystallization, as in the Pattinson 
process for lead. Example of the separation of gold and silver from bismuth by 
crystallization * 



Gold, 

ounces per 

ton 

Silver, 
ounces per 
t(jn 

Lead, 
per cent 

Original metal 

1.09 

52.6 

0.053 

Metal from first crystals 

. 0.49 

21.8 

0.025 

Metal from second crystals 

0 23 

11.3 

0.011 

Metal from third crystals 

0.112 

5.0 

0.005 . 

Metal from fourth crystals 

0.005 

2.4 

Trace 

Liquid from first crystallization 

1 2.21 

106.3 

0.112 

Liquid from second crystallization 

1 1 05 

49,8 


Liquid from third crystallization .... 

i 0.55 

21.3 


Liquid from fourth crystallization 

0.24 

12.0 

0.011 

• 


4 



Approximately two-thirds of the metal was removed as crystals in each crystallization. 
Gold and silver can be removed from bismuth by zincing, as in the Parkes process 
for lead refining.* The operation is carried out as follows: the crude bismuth is 
melted and about 2 per cent of zinc is added, and the temperature raised to a dull-red 
heat and stirred well. The mixture is then allowed to cool until a slight crust forms. 
This crust is then skimmed off and zinc added a second time, the temperature is 
raised, and the mixture is stirred, cooled, and skimmed. From two to three zincings 
are required to remove the gold; and if the silver in the crude bismuth is high, as 
many as five or six zincings are necessary to remove it entirely. /The zinc skims, 
consisting of bismuth, gold, silver, zinc, and zinc oxide^ are treated for the recovery 
of the gold, silver, and bismuth. For example: 9,483 lb. of bismuth, with 1 per cent 
of impurity and 12.5 oz. of gold per ton, were treated, yielding about 9,000 lb. of gold- 
free bismuth, and 658 lb. of skimmings which contained all of the gold. These 
skimmings were treated with nitric acid, dissolving the greater part of the bismuth and 
what little copper was present, care being taken to leave a small amount of bismuth 

» Ptoc. Roy. Soc. (London), 4S, 80 to 94. 

* Personal Notes. 

• Op. ct(., Proe. Roy. 8oc. (London), 4S, 89 to 94. 
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oxide with the gold in order to refine it from impurities while melting the gold. The 
bismuth dissolved by the nitric acid was precipitated and recovered. 

Smith ^ treats impure bismuth as follows: Sulphur is added to the molten metal, 
preferable with steam agitation, until a test shows that the sample of metal is reason- 
ably free of copper. The melt is then allowed to cool to a temperature of 515 to 
520*^0.; the sulphides are skimmed off and the bismuth cast as bars. The sulphur 
treatment removes nearly all of the copper, some of the silver (if*the latter is very 
high in the original metal), tellurium, lead, antimony, arsenic, selenium, and zinc. 
The bismuth from the sulphur treatment is melted in a cast-steel kettle and covered 
with molten caustic soda; agitation with superheated steam improves the speed of this 
operation. The caustic soda treatment removes tellurium, selenium, arsenic, anti- 
mony, zinc, tin, and sulphur. The metal is then given two to four treatments with 
zinc, the number of the zincings depending upon tlte silver in the metal; these treat- 
ments are repeated until the gold has been reduced to less than 0.5 oz. per ton, and 
the silver to less than 50 oz. per ton. The zinc remaining in the metal is then removed 
with a caustic soda and steam treatment. The clean metal should now contain but 
small amounts of gold, silver, and lead, and these are removed by several crystalliza- 
tions. The final crystals are melted and treated with caustic soda until the very last 
traces of arsenic and tellurium have been removed. No trouble is experienced in 
producing a metal which will assay 99.95 per cent, or better, in bismuth. It is also 
stated that sulphur and tellurhun can be removed by heating with calcium or mag- 
nesium chloride.^ 

Electrolytic Refining of Bismuth. — Zahorski^ proposed to refine commercial bismuth 
anodes, cast as plates, using carbon or platinum cathodes and an electrolyte of dilute 
nitric acid. The current density was fn)m 15 to 30 amp. per square foot. Pure 
bismuth, deposited at the cathode, was collected, washed with dilute nitric acid (to 
prevent the formation of basic salts of bismuth), dried, and melted down. Lead 
gradually concentrates in the electrolyte, which, therefore, has to be renewed from 
time to time. This process has never been used commercially, 

Whitehead^ developed a method of electrolytic refining of bismuth which has had 
considerable applicatjpn in the United States. He uses a shallow earthenware cell 
similar to that used in the Balbach-Thum silver parting process. Sheet lead, which 
covers the entire bottom of the cell, acts as the cathode. The anodes are carried in 
a wooden basket lined tvith a layer of heavy cotton duck. Each anode carries fts own 
electrical connection, cast as a part of the anode, and four anodes are used per cell. 
The electrolyte consists of bismuth chloride solution and considerable free hydro- 
chloric acid. The current density is from 15 to 25 amp. per square foot of active 
cathode surface. The bismuth deposits on the cathode as a series of rough nodules 
which often resemble flowers in form, and this deposit has to be broken down every 
8 to 10 hr. to prevent short circuits. The cells are dismantled every third to fourth 
day; the bismuth removed; washed with dilute hydrochloric acid; drained and melted 
under caustic soda in a cast-steel kettle; and cast as refined bismuth. Bismuth refined 
by this process usually carries 15 to 30 oz. of silver per ton, and traces of gold, lead, and 
tellurium, if these elements are present in the anode metal. The caustic treatment 
during the melting of the cathode deposit removes the tellurium, and one or two 
crystallizations remove the gold, silver, and lead; the liquid metal from the crystalliza- 
tions is usually cast as anodes and rerun in the cells. The anode slime is collected, 
washed with dilute hydrochloric acid, mixed with sodium carbonate, and treated for 
the recovery of the gold, silver, and bismuth contained. 

lOp. ciL, U S. patent 1166721. 

* Darlinq, tl. S. patent, 131S336. 

» "Mineral Industry, " p. 72 (1893). 

* Personal notes. 
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General Notes.— Reverberatory furnaces used for handling bismuth-bearing 
products should be built inside of a water-tight metal pan to prevent the leakage of 
the low-melting-point alloys which tend to form, and which, under some conditions, 
will penetrate as much as 10 ft. of earth beneath the furnace if allowed to escape from 
the furnace. The property of bismuth to expand upon solidification causes trouble 
in reverberatory furnaces handling bismuth-bearing products. The bismuth, or its 
alloys, works under the furnace bottom, and each time the furnace is cooled below 
the freezing point of the alloy the action is similar to that of a hydraulic jack; some- 
thing has to give way, and it is generally the furnace bottom. The best preventive 
for this condition is to keep the temperature of the furnace bottom above the freezing 
point of the alloy at all times, making repairs to the hot furnace. 

Metallic bismuth is not particularly volatile, but bismuth oxide is quite volatile. 
All operations in which bismuth, in the form of the oxide, is subjected to temperatures 
of more than a red heat are apt to cause a serious loss of bismuth as fume, unless some 
efficient fume-collection apparatus has been provided. Filtration through cotton or 
woolen bags, the Cottrell process of electrical precipitation, and some of the more 
efficient types of dust washers have been used for this work. The collected fume is 
usually a mixture of several oxides and has to be smelted to an impure lead bullion, 
which is then reworked for the metals contained. 



CHAPTER XXV 


LEAD 

By G. C. Riddell^ 

j 

Nature and Uses. — ^Lead is the heaviest and the softest of all the common 
metals. It has a specific gravity of 10.37 to 10.65 (molten), 11.35 to 11.37 
(solid); it is, in its pure metallic state, so soft as to be readily scratched by the 
huger nail, while it easily marks paper with a gray streak. Only the pure metal 
exhibits this degree of softness, the commercial article containing small amounts 
of antimony, arsenic, copper, and zinc, being distinctly harder. The degree of 
hardness increases with the amount of impurity present. The metal has a dull, 
bluish-gray color, is malleable but not ductile, and of low tenacity. Tensile 
strength is low, 2,600 to 3,300 lb. per square inch ; elastic limit is 0.5 lb. Com- 
pressive strength is about two and a half times the tenacity. It is not sufficiently 
ductile to be drawn into fine wire. 

Lead melts at 327*4°C., boils at about 1525®C. (at 760 mm.), but does not readily 
^diatill? If, however, a mixtiu-e of zinc and lead be subjected to distillation at a high 
temperature, the zinc vapor carries over with it a considerable quantity of lead 
vap^r; hence the source of part of the losses in lead smelting. Lead is somewhat 
volatile when heated to a cherry red with access of air. 

The market grades are (1) desilverized, ( 2 ) soft, and (3) antimonial lead. The 
«terms used to distinguish between classes (1) and (2) are inexact, since the impurities 
that make lead hard liave been removed from desilverized lead in the refining process. 
The term is retained distinguish betwe«*n metal derived from ores containing silver 
and that from ores that do not. Antimonial lead, an alloy of antimony and lead, is an 
entirely different product and has become important more as a source of antimony 
than because of its lead content. It is a by-product of the refining of lead, containing 
from 15 to 30 per cent antimony. 

Lead is usc^d: (1) in the form of the metal, (2) of alloys with other metals, and (3) 
of various chemical compounds. 

As metal, its chief uses are as pipe for conveying water and corrosive solutions; 
for the protective covering of electrical cables; as sheet lead for lining chambers for 
the manufacture of sulphuric acid and vats for use in chemical manufacturing proc- 
esses. Soft lead is required for these uses. In smelting, load is used as a collector of 
other metals, particularly of gold and silver, from which it is later separated, now 
most generally by the use of zinc in the Parkes process of desilverization. 

Lead alloys readily with nearly all other metals in all proportions. Its alloys of 
industrial importance comprise type metal, bearing or babbitt metals, shot, s^Mers, 
casting metals, some brasses, and the fusible alloys used for the protection of 
apparatus and in automatic sprinklers for the protection of buildings fire. 

Type metal, originally composed of 83 per cent lead and 17 per cent antimoily, DOW 
often contains bismuth and sometimes a little copper and iron. The alloy 9 2 

antimony, and 2 bismuth is used for stereotype plates. Leas than 2 per cent of m^nic 
* 1 Broadway, New York, N. Y. 
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is added to lead uaed to make shot to increase the hardne^^ai^ sphericity of the 
IH^oduct. Antimmiy imparts the quality of hardness essential to shrapnel, etc*, 
and the property of expansion on solidification, essential to type metal and easting 
materials generally. Bearing metals comprise alloys of lead and antimony or these 
together with copper, tin, and zinc. Lead makes a brass which is soft and machines 
easily* Solder is commonly an alloy of lead and tin. The melting point varies with 
the proportions of these constituents and others, sometimes added for special purposes. 
The cheapest solder in general use is 30 per cent tin and 70 per cent lead. The alloy of 

1 part tin and 3 parts lead melts at 452°F., tin alone melting at 442*’F. With increase 
of tin content to 66 per cent the fusion point lowers to 345°F., then rises to 362®F.^ 
with further increase to 75 per cent tin. In practice, therefore, solders seldom contain 
more than 50 per cent tin. The ^Hdition of bismuth, cadmium, or mercury lowers the 
melting below the boiling point of water. Lead fuses can thus be obtained which 
interrupt electric circuits at any desired temperature. 

An electrolytic hard lead alloy was brought out during the World War, known an 
Frary metal, a mixture of lead with small amounts of the alkaline earth metals, 
calcium, and barium. This ternary alloy, although it contains barium up to only 

2 per cent and calcium less than 1 per cent — ^the remainder being lead — has remarkable 

qualities as hard lead. It has a large field of usefulness us a bearing metal, and is 
particularly popular in trolley-car scTvice. It replaces not only lead-base but also tin-* 
base babbitt metals, and to some extent bearing bronzes. It has strength without 
brittleness, and remarkable antifrictional properties, retaining largely the charac- 
teristics of lead in respect to plasticity and unctuousness. ‘ 


Compositions of some of the leading industrial lead alloys are as follows: 


Name 

1 1 

' Pb 

Sb 

Sn 


Type metal: 

]^st 

50 

26 • 

25 


German ' 

75 

23 

2 



70 

*8* 

10 

Cu, 2. 

Common 

60 

30 

10 


French 

65 

30 

15 


Linotype (American) 

85 

12 

3 


Bullets (Shrapnel) 

Engraving plate 

Pewter: 

Usual 

French 

Bearing metal : 

Atlantic Coast Line 

Pennsylvania R. R 

Baltimore & Ohio R.R. : 

Thin linings 

94 

60 

20 

18 

85 

87 

94-96 

6 

40 

80 

82 

15 

13 

3- 6 

/ 

0.5-1. 5 


Thick linings 

86 

10-12 

3-6 


Ofaioafo k Eastern R. R 

84-85 

12-14 

2 


C$ke8lg)t0ake k Ohio R.R 

91.5 

7 

1.6 


metal 

79.76 

15 

5 

Bi,0.25^ 
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in several quarters that the two other metals — antimony and copper, up to 0.1 per 
cent content — ^increase the resistance to the acid. 

The compounds of lea^ are poisonous practically in proportion to their solubility; 
the metal itself and its sulphide, bhing incapable of absorption as such into the sys-' 
tern, are almost innocuous, while the soluble salts, chloride, nitrate, acetate, etc., 
are active irritant poisons. The oxide, sulphate, and carbonate ar^ less active, but 
continued exposure to lead fumes, or to any atmosphere in which these substances are 
present in form of dust, brings on the familiar lead poisoning, or ^'plumbism.^' encoun- 
tered among workmen in the lead-smelting plants. The early symptom of **lead 
colic*' is followed, if exposure to the dust is eontinued, by ^‘lead palsy,” accompanied 
by emaciation, with the deposit of lead sulphide in the joints and the gums. 

p 

Lead Compounds. — The more important compounds of lead, and the chemical 
reactions that are of importance in the extraction of the metals are as follows : 

Lead Oxide (PbO). — This is the oxide of greatest metallurgical importance. 
It occurs in two forms — massicot and litharge. Massicot is an amorphous yellow 
powder produced by heating lead on a flat hearth at a dull-red heat, continually 
removing the film of suboxide, and oxidizing it to the yellow oxide at a low tem- 
perature, avoiding fusion. On raising the temperature to a bright-red heat this 
oxide melts, and, on cooling, solidifies as crystalline litharge. Litharge is obtained 
on a commerical scale by cupeling argentiferous lead. The melting point of 
litharge is 883°C. ; it is volatile in air below 900®C. It is a good conductor of 
electricity when molten. 

Toward acid furnace materials, litharge is a strong base, quickly corroding them by 
forming silicate. It is an excellent flux, forming fusible compounds with oxides that 
are infusible alone, such as CaO, BaO, MgO, and AI2O3. These bases do not always 
enter into chemical combinations with PbO, but are simply held in igneous solution by 
an excess of litharge. In the metallic oxide (CuO), 1 part of CuO forms a fusible 
mixture with 1.8 parts of PbO. No chemical compound occurs, but there is a eutectic 
with 32 per cent CuO, freezing at 689°C. This explains the fact that, in cupeling, 
coppery litharge flows more readily than litharge free from Cu. Litharge readily 
gives up its oxygen. *S, Te, As, Sb, Sn, Bi, Cu, Zn, and Fe are wholly or J)artly 
oxidized when melted with litharge, their oxides being either volatilized or slagged by 
the surplus of litharge. 

Reduction of PbO by carbon begins at 400 to 500° and is vigorous at 700°C, 
Koductiou by carbon monoxide begins at 160°; by hydrogen at 235°C. Heated to 
bright redness with lead sulphide, in the proportion of 2 molecules litharge to 1 of 
sulphide, all the lead in both compounds is redu'(X)d to metal, and sulphur dioxide 
evolved, according to the equation: 

PbS + 2PbO = 3Pb + SO 2 - 52,540 cal. 

Minium, or Red Lead (Pbj, 04 ). — This is a combination of 2Pb0.and PbOi, a 
bright-red powder prepared by heating a mixture of Pb02 and PbO, at about 250°C., 

2PbO + PbOa = Pb,04. 

Lead Peroxide (Pb02). — This is a powerful oxidizing agent, detonating with 
phosphorus. It is used in manufacture of lucifer matches, and in storage batteries, 
in which latter it is alternately destroyed and reformed during the operations of 
discharging and recharging. 

Lead Carhonale (PbCOs) ond White Lead (2PbC08 + PbHaOa). — ^Lead carbonate 
occurs in nature as cerussite. At 200°C. it decomposes ii|to PbO and COi, and at the 
same temperature is reduced to metallic lead by CO. Tim white lead of commerce is 
a hydrated basic carbonate. This pigment, the form iq vrlfoh the greatest use of lead 
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oocun^ is ordmarily prepared by the “Dutch” or “corroding” prooese, whlch^ briei^ 
Btatedi consists in the slow corrosion oC lead by the vapor of ac^ic ac^, and th^ oon*^ 
version of the corroded msiterial into hydrated carbonate^ of lead by meaaa of CX)i 
generated from decomposing organic matter. THb process is tedious, taking over 90 
days to complete. The lead is cast into ” buckles, which, exposing maximum sttrfaoe 
to corrosion, are placed in clay pots containing dilute acetic acid or vinegar. The pots 
are stacked in tiers and covered with tan bark. The carbon dioxide required for ifce 
ultimate conversion of the corroded lead is generated by the fermentation of the bark* 
The whiteiparbonate is cleaned from the buckles in revolving drums, and the impuritiel 
separated by flotation, before it is dried and packed for shipment, or ground in cdl 
for use. From 125 to 129 lb. of white lead should be obtained from 100 lb. of metal. 

In another group of white-lead processes — so-called quick processes — finely pcw*#^ 
dered (atomized) lead is treaterf with acetic acid and carbon dioxide in revolldng^^ 
drums. In the “mild process” the finely powdered lead is suspended in water, into 
which air is blown. Basic hydroxide of lead is thus formed, which is later converted 
partially to basic carbonate by blowing in carbon dioxide. Stringent regulations and 
restrictions are in force in various countries, on the manufacture of white lead, because 
of the attendant danger of lead poisoning. 

The manufacture of dry white lead, as well as its use except in oil, was forbidden 
in France in 1916. When proper precautions to control flying dust are taken, how- 
ever, there is no necessity of lead poisoning at white-lead plants. In some factories, 
the workmen are required to drink water that contains a little potassium iodide, which 
acts as a preventive of poisoning. p 

Sublimed White Lead (Basic Ijead Sulphate ). — This pigment, composed approxi- 
mately of 76 per cent PbS04, 20 per cent PbO, and 5 per cent ZnO, is produced directly* 
from lead ore, whereas the basic carbonate (white lead) is made almost exclusively 
from lead metal. It is the only white pigment that contains any appreciable amounts 
of lead oxide. Basic lead sulphate is used extensively in paints, and in the manufac- 
ture of oilcloth, stained paper, and rubber goods. The raw material is silver-^reo 
galena from the Missouri fields. This is ground fine, mixed with carbon (and gray 
slag from the ore hearth), and smelted in the oxidizing atnjosphere of a slog-eye 
furnace. The pigment is collected in bag houses. This is known as the Ijewis & 
Bartlett, or sublimed-lead, process, in use at Joplin, Mo. (Eagle-Picher Lead Co.); 
AltoDf 111. (St. Louis Smelting & Refining Co.); and Bristol, <iEngland (Bristol Sub- 
limed Lead Co.). Blue fume, or “sublimed blue lead,” is a by-product of the process, ^ 
and is used in the same industries as is the major product. Sublimed blue lead 
consists of 50 to 53 per cent PbS 04 , 41 to 38 per cent PbO, with small proportions of 
PbS, PbSOa, ZnO, and C. 

Lead Silicates . — ^Lead silicates are much used for glazing tiles, pottery, etc. Lead 
oxide and silica begin to combine at the softening temperature of the oxide, t.e., below 
800°C. The silicates do not give up their lead readily, the ordinary reducing agents, 
sulphur and carbon, decomposing them with difficulty unless the carbon be associated 
with the lib^ated silica. Iron in excess effects decomposition of lead silicates at 
bright-red heat, forming monosilicate (2Fe0.Si02). Fe8 throws down some Pb, a 
double silicate of lead and iron being the result. 

Lead Sulphide (PbS). — This occurs in nature, as galena, and can be artificially 
prepared by melting sulphur and lead, or by adding sulphurcted hydrogen to a solu- 
tion of a lead salt. It is produced in smelting lead ores as a sublimate on the cooler 
parts of the furnace walls. PbS melts at about 1 120‘'C. to a thin fluid which penetrates 
the fire brick of the furnace; furnace linings usually contain a network of crystalline 
galena. It volatilizes at temperatures below its melting point. Sublimed galena 
constitutes the major portion of the accretions on the shaft-waUs of lead blast furnaces. 
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Being isomorphous with AgiS, CiuS, ZnB, FeS, etc., lead stdplude readily mixes 
with these sulphides in proportions, forming the mattes obtained in smelting com- 
plex sulphide ores. Galena is decomposed by fusion witls iron, the reaction forming 
the basis of what is known as the ^^precipitation’’ process of lead smelting: 

PbS + Fe « Pb + FeS, or 4PbS + 4Fe - 3Pb + PbS + 3FeS + Fe. 

Lead sulphide is decomposed by those metallic elements which have a stronger 
affinity for sulphur than lead, in the following order: • 

Mn — Cu — Ni — Fe — Sn — Zn, 

manganese forming the strongest and lead the weakest sulphide. In the smelting of 
load ores, manganese does not have to be considered in this connection, as it is usually 
present as Mn 02 , which enters the slag and hence is found only in small amount 
in the matte. 

In smelting practice, the decomposition of PbS il never complete. It is customary 
to figure the iron necessary for the decomposition of PbS in accordance with the formula 
(Fe + PbS = Pb + FeS) ; if less iron is added, the resulting matte remains too rich 
in lead, while if an excess is supplied it simply goes into solution in the PbS-FeS 
matte. An excess of iron in the charge, while often advantageous in cutting out 
crucible crusts, may be disadvantageous in decomposing argentiferous galena, since, 
due to the affinity of AgjS and FeS, more silver will be drawn into the matte than can 
be accounted for by the amount of lead present. In addition to having the correct 
amount of iron present to decompose PbS, it is important to have the temperature as 
high as possible, within reasonable limits. 

A basic ferrous silicate (4Fe0.Si02) will decompose PbS readily; the single silicate 
(2 FeO.SiOz) has little effect. CaO and BaO have, in the presence of carbon, a decom- 
posing action on PbS: 

2PbS -f- CaO H- C = Pb + (PbS.CaS) + CO 

Lead Srdphale (PbSOi). — This occurs in nature as anglesite, and is formed in 
roasting PbS and in precipitating lead salts with H2SO4. It is the most stable of all 
sulphates of the heavy metals, remaining unaltered at a bright-red heat. At 800 to 
1000®C., it dissociates, fusion also occurring between 950 and 1000°C.. 

Silica decomposes, PbSO 4 at 1030®C. in accordance with the equation 

2PbS04 + SiOa - 2Pb0.Si02 + 2 SO 2 + O 2 
this reaction being the basis of “slag roasting.” This decomposition by silica is 
governed by the visegsity of the lead silicates formed, the viscous slag enveloping 
PbS 04 and blocking the action. According to Mostowitsch the most rapid decomposi- 
tion and the lowest loss of lead by volatilization lies between the singulo- and bisilicate 
containing 10 to 15 per cent Si02.^ 

Fe 203 also has a decomposing effect on PbS04, though in less degree than Si02. 
FeO, above 800°C., is oxidized by some of the O from PbS04. Iron at high tempera- 
ture is both oxidized and sulphurized: 4Fe -f Pb804 = Fes04 + FeS -|- Pb; calcium 
is sulphatized: CaO -f PbS 04 = CaSOi + PbO;‘ and metallic lead is oxidized: 
Pb + PbS 04 = 2PbO H- SO 2 . 

Carbon and carbon monoxide reduce lead sulphate to PbS, with tne formation, 
also, of Pb and SO 2 as well as PbS. This double reaction explains the disappearance of 
S as SO 2 in the reducing fusion of a lead blast furnace. In smelting the gray slag from 
the ore hearth, as much as 50 per cent of the sulphur is usually expelled. 

Reactions between Lead Oxide, Sulphide, and Sulphate. — Intimate mixtures 
of PbS and PbO, and of PbS and PbSOi, such as exist in the roasting and smelting 
, of lead ores, react in accordance with the following equations to form metallic lead 
and S 02 : 

PbS + 2PbO * 3Pb + SO 2 - 62,540 cal. 

PbS + PbS 04 * 2Pb + 2SOj - 97,380 cal. 

1 HorMjfer, H. O., “ Metallurgy of Lead," p. 46, MoOraw-Hill Book Company., Ino., 1018. 
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These two equations form the basis 6f the roilhting and reaction or air-reduetion 
process, i^xcept for the fact that the gaseous product SOt is withdrawn ftom 
the furnace as fast as fonhed, both these reactions would reverse and equilibiium 
result. 

If there is an excess of PbS or PbO over that called for by the equatioui tiie 
excess remains unaltered. If there is an excess of PbS 04 , part or all of the leiid 
is obtained as PbO; 

PbS + 3PbO * 3Pb + PbO + SO 2 
2PbS + 2PbO - 3Pb + PbS + SO 2 
PbS + 2PbS04 = Pb + 2PbO + 3SOa 

PbS + 3PbS04 = 4PbO + 4 SO 2 

• 

Plumbites and Plumhates. — The oxides PbO and PbOs form plumbites and plumbates 
with alkali, alakli earths, and some metallic oxides. The orthoplumbate (Ca2pb04)f 
occurs in the blast roasting of lead sulphides with lime diluents. 

Lead Ferrite. — The fact that in the crucible assay for lead the presence of FeaOs acts 
unfavorably upon the yields of lead is believed due, in part at least, to the formation of 
ferrite compounds, one of these having the formula PbO.FeO. 4 F 02 O 3 . The melting 
point of PbO is lowered 133®C. by the addition of 12 per cent by weight of Fe20i. 

Lead Chloride. — This is formed by the action of chloride upon lead, and in a chlorid- 
izing roast of lead and its compounds. The volatility of PbCls is the basis of a 
process for the extraction of lead from its ores, the chloride volatilization process, in 
which the metallic fume is precipitated by being passed through a Cottrell electrostatic 
apparatus. The solubility of PbCb in saturated sodium chloride liquor is also the 
basis of another process of lead recovery, the brine-leaching process, in which sulphide 
ores roasted in contact with sodium chloride are dissolved by strong brine solutions, 
out of which the lead is precipitated either electrolytically or on scrap and sponge iron. 

Lead Selenide and Telluride (PbSe and PbTe). — These occur as clausthalite and 
altaite, and are formed by the direct union of components. They are readily sublimed, 
and decomposed by roasting. Selenidcs and tellurides are found in the anode mud 
formed in the electrolytic refining of copper and lead, this mud^ing the raw material 
for the production of selenium. 

Lgad Borates. — Lead oxide and boric trioxide melt togethejj in all proportions, and 
the compounds formed are more fusible than the corresponding silicates. Advantage 
is taken of this fact in lead and silver ^i^ying, by the use of borax as a flux. 

Lead FluosUicate (PbSiFc). — This is formed by the action of H?SiFe upon PbO, 
when some SiOz is precipitated. A solution containing about 8 per cent of PbSiF^ 
and 11 per cent of free HsSiFe is used as electrolyte in the electrolytic refining of lead. 

Lead Ores. — ^Lead and zinc are commonly associated in mineral deposits, 
sometimes intimately mixed, sometimes sufficiently segregated so that one metal 
predominalup, but seldom free entirely from the other. The geological and geo- 
gra]diical distribution of the two metals is, therefore, nearly identical. 

All lead ores contain substances other than load minerals. Bdme of these sub- 
stances (e,g.j gold, silver, or copper) can be recovered in the smelting process and may 
add much to the value of the ore. The common impurities in lead ores are silica, iron, 
lime, baiytes, zinc, antimony, and arsenic. The first three (in minor amounts) may 
be beneficial or detrimental in any given ore, depending upon whether the bulk of the 
ore supply of the smeltery carries an excess of one or the other of these elements 
which, in proper proportions, are required in the smelting operation. On the other' 
hand, zinc and, to a less extent, antimony, are always detrimental and detract 
from the vahie of the ore unless separated from the lead before shipment to the smelter. 



809 NON-FBRBOVa UBTAUAjifoY 

Sulphur, a constituent element of galena, is not considered a deleterious element except 
that carbonate ores of similar grade are more valuable, since they are cheaper to smelt. 
Barytes and other less common constituents of lead ores, including trace#of valuable 
metals (bismuth, cadmium, and rare elements), are seldom present in quantities suffi- 
cient to affect the value of the ore to the miner. 

The more common ore minerals of lead arc : 


Mineral 

llllllll^ 

Percentage 
of lead 

Galena 

PbS 

86.4 

Cerussite J 

PbCOa 

77.6 

Anglesite 

PbS04 

68.3 

Pyromorphitc 

3Pb3P,0,.PbClj 

76.3 

Wulfenite 

PbMo04 

56.3 

Jamesonite 

PbSbaSs 

34.1 


Galena is the most common and important of these minerals. The next three 
minerals in the list usually result from the surficial oxidation of galena, the sulphate 
being usually an intermediate stage in the oxidation to the carbonate. Pyroniorphite 
and wulfenite arc of minor importance. Jamesonite is considered more an ore of 
antimony than of lead. 

Sphalerite weathers more readily than galena and zinc, and therefore is often 
carried below water level more rapidly and completely than lead. This fact accounts 
for some mines changing from predominantly lead mines to zinc mines with greater 
depth. Apart from the effect of such secondary enrichment, this change is often 
encountered in primary ores with increase in depth. 

Important types of lead deposits are: 

1. Deposits formed at shallow depth in sedimentary rooks without apparent con- 
nection with igneous focks. These have evidently formed under conditions of tem- 
perature and pressure approximating those of the present surface, and occur as tabular 
replacements of receptive strata usually in limestones and dolomites, but sometimes in 
quartzites or cherts and conformable with the enclosing strata; also as irregular masses 
along faults, in zones of brecciation, in fissures, joints, crevices, and cavities erratically 
distributed in the same rocks. 

In regions of slightly disturbed strata the ore shoots tend to follow pitching troughs. 
The ores of this type usually contain lead (galena),' zinc (sphalerite), and iron (pyrite) 
minerals; often contain manganese and cadmium; sometimes contain cobalt and 
nickel, but seldom gold, silver, copper, or antimony. 

The deposits of this type are of world-wide distribution and are often extensive 
and commercially important. Their greater purity and simplicity of treatment, 
particularly of the ores in their oxidized zones, caused them to be exploited first and 
most extensively, and to be the dominant factor in the world production of lead at one 
time. To this type belong, besides many others, the deposits of the Mississippi Valley 
and Silesia, between them producing 15 i>er cent of the world's production in 1913. 

2. Deposits formed at shallow or intermediate depths genetically associated with 
igneous rocks, characterized by complex ores and comprising: (a) vein deposits appar- 
ently formed near the surface; (6) veins filled under conditions of intermediate tem- 
perature and pressure; (c) disseminated pyritic replacements of igneous rocks; (d) 
mlver-lead replacements in limestone. 

Gradations between all these types are found and many districts have related ore 
bodies of more than one of these types, sometimes examples of all of them. 








With aubt 3 rpe 2a m olaased certain deposits apparently fmned near the m3oet^ao% 
in genetic connection with igneous rocks and usually occurring as veins, but some** 
times as stock works and pipes in volcanic rocks and adjacent sedimentarles, ahrO ait 
replacements in sedimentaries with associated small contact metamorphio masses 
near igneous contacts. The deposits are usually worked primarily for gold and silver, 
but small percen|ages of galena, tetrahedrite, and sphalerite are usually present. 
The gangue is largely quartz, but adularia, calcite, rhodochrosite, rhodonite, barite, 
fluorite, and pyrite are often present, and the presence of minerals containing arsohie,, 
antimony, bismuth, tellurium, selenium, and rarely tungsten and molybdenum is 
characteristic. Successive stages of mineralization are often evident, and secondai^T 
enrichment and alteration by descending waters have disguised some deposits. 

The ores of the types 2h and» c are usually complex, comprising much the same 
minerals of zinc, lead, copper, iron, gold, and silver, and often arsenic, antimony, 
bismuth, and other metals. In subtype 2d, the silver-lead deposits in limestone, sine 
is apparently a minor factor, but often when followed to depth, zinc replaces lead as the 
predominant metal. Many zinc mines are exhausted silver-lead mines. 

To subtype 2a belong the deposits of the San Juan region and Lake City in 
Colorado, the Schemnitz deposits in Hungary, the Mapimi and Santa Eulalia deposits 
in Mexico, and the deposits of Insbach and Freiberg in Germany; to subtype 26 belong 
the deposits of Coeur d’Alene, Idaho; and to subtype 2c belong those of BawdWin, 
Burma, and Bidder, Siberia. Subtype 2d comprises the deposits of Leadville, Colo., 
Park City, Utah, and Sierra Mojada, Mex. The importance of the ores derived from 
the deposits of the first three subtypes is due largely to smelting practice based on the 
use of lead as a collector of the precious metals. 

3. Deposits in veins originating at high temperature and pressure, in, or associated 

genetically with, igneous rocks. The ore minerals are blende, galena, pyrite, or 
pyrrhotite, quartz, calcite, garnet, rhodonite, etc. To this type belong the important 
deposits at Broken Hill, New South Wales, Australia. ' 

4. Igneous metamorphic deposits containing minerals characteristic of contact 
metamorphism. The ore minerals are galena and its oxidation products, cerussite 
and anglesite; blende, smithsonite, calamine, and a gangue *of calcite, rhodonite, 
garnet, pyroxene, hornblende, magnetite, and tremolite. Among the deposits of this 
type ^e those of Magdalena, N. M., and the Horn Silver mine^Utah, occurring on or 
near contacts of limestone with igneous rocks. 

Recovery of Lead from Ores. — Metallic lead has been recovered commercially 
from its ores almost exclusively by smelting in carbon-heated furnaces — either 
blast or ore hearth — until very recent years. Electric furnaces have been used for 
complex-ore reduction, but have not become of practical utility, and it would 
seem that no great promise of development exists in this direction as far as lead is 
concerned, due to the high volatility of lead compounds at the operating tempera- 
tures obtained in electric-furnace work. 

Various processes intended to make available ores of low grade, 'or complex ores 
of lead and zinc, have received considerable experimental attention in the period 1918- 
1925, and during these later years a number of commercial plants have gone into 
operation along hydrometallurgical lines which have been the subject of investigation 
for many years past. Among these, the brine-leaching methods and the chloride- 
volatilization processes are by far the most important, the former in the field of com- 
plex zinc-lead sulphide (and oxide) ores, the latter more particularly in the field of 
oxidized and seraioxidized (and sulphide) ores of copper, lead, zinc, and silver. 

The hydrometallurgical treataoent of lead ore has reached a point where it jhas 
began economic competition with concentration and blast-furnace smelting on m^n)^ 
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aulphido ores. The net recovery with mill and smelter approximates $5 per cent; 
leaching with or without roasting will recover 95 per cent. The mills and smelters 
already in existence will doubtless continue to operate, but the economic warrant 
for the erection of smelters will be more carefully considered in the future. In gen- 
eral, lead can be produced, at present, more cheaply by smelting than by leaching, 
if the material to be treated contains over 12 per cent of lead. 

Brine-leaching Methods. — These involve the roasting (sulphating or chloridiz- 
ing) of the sulphides, solution of the stable lead-silver compounds in acid brines, 
and the final recovery of the lead by electrolysis or, less frequently, by precipita- 
tion on scrap and sponge irons. Although two plants in Utah are in operation, 
using the latter method of precipitation, the profitable extraction and recovery of 
lead by this means has not yet been entirely worked out. The free sulphuric 
acid in the lixiviant limits the dissolution of the lead; when an average of 8 lb. 
of metallic lead per ton of mill solution has been precipitated, the same lixiviant 
will dissolve more lead. Commercial brine-leaching plants have been, or are, 
in operation at several points: Kellogg, Idaho; Tintic, Utah (two); Great Falls, 
Mont.; Kennett, Cal.; Trail, B. C.; Australia; and England. 

An important plant, using the Tainton process of brine leaching, went into opera- 
tion in 1923 in Idaho, the result of extensive experimenting for several years by the 
Bunker Hill & Sullivan company. In general, the process adopted involves the roasting 
of galena to sulphate in an electrically heated rotary cylinder, at SOO^C., the removal 
of soluble sulphates of manganese, magnesium, and other metals by water wash, 
the solution of lead sulphate in a brine that is saturated with salt and contains dis- 
solved chlorine from the electrolytic cells; and the precipitation, by electrolysis — with 
high current density and high acid strength — of lead and silver in a cell with rotating 
sheet-iron cathodes and graphite anodes. The sponge leatl recovered is thrown off the 
cathode by centrifugal force and floats out of the cell with the brine, or settles at the 
bottom of the cell, and is pressed into cakes for molting. A 9.5 per cent extraction of 
the silver and a 95 to 98 per cent extraction of the lead is possible. The process is 
expected to be applicable to electrolytic zinc tailings, and well as for the huge accumu- 
lation of tailing from tfte lead concentrator on which it is operating at the start. 

In this Idaho application of brine leaching, the preliminary roasting of the galena 
is a simple low-temperature sulphating roast (400 to 500°C.), without chloridizing, and 
the solution of the lead is made possible by the presence of dissolved chlorine in the 
brine. Ordinarily, and in the majority of other brine-leaching plants, a chloridizing 
roast is utilized to convert the lead sulphide into soluble chloride form. 

Electrolytic-zinc-plant tailings, lea<l sulphate flile dust, lead sulphate sludges from 
sulphuric acid chambers, oxidized ores of lead containing carbonate or sulphate, con- 
centrating-mill tailing containing lead and silver sulphides, and complex zinc-lcad- 
iron sulphide ores comprise the products to which the brines have been adapted. 

Brines, containing dilute hydrochloric acid, and also sulphuric acid, are applied in 
some cases directly to the raw sulphide ores, attacking the galena and leaving the zinc 
sulphide largely untouched. 

The Snyder-Christensen process, in operation at Bauer, Utah, by the Com- 
bined Metals Reduction Co. is based on this principle. An auxiliary to the main 
plant is one for the manufacture of hydrochloric acid according to standard prac- 
tice. From a technici^ standpoint the process extract lead from almost any 
mineral product containing the metal; its piwncal application is confined to 
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materials jtliat for any reason cannot be treated advantageously by concentration 
and smelting alone. 



Fig. a. — F low sheet, Tain ton process. 

The features of the treatmi|( are the leaching by agitation of unroasted ore 
in a hot brine solution containi^a small quantity of hydrochloric acid; filtration) 
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and washing with hot, weak solution and water; precipitation of thef silver by 
means of lead in some fonn; precipitation of the lead by cooling the present solu« 
tion; and reduction of the lead by melting with a mixture of lime ana coal dust. 
The solutions are circulated through *'spray heaters” for reuse. The lead pre- 
cipitation is based on the simple fact that a hot liquor at 90*’C. will|iold 8 to 10 
per cent lead, whereas when cooled to 30®C. only 1 per cent will remain in solution. 
The most important difference between this process and that used 'py the Tintic 
Standard Mining Co. at Harold, Utah, is that a chloridizing roast is eliminated. 
When ground very fine, galena will dissolve in a hot, saturated, ^ind acidulated 
brine. The precipitation is likewise different, as in the Tintic Standard plant 
dctinned iron scrap is used as a precipitant. 

Brines carrying ferric chloride arc adapted to removing silver, copper, and lead from 
complex sulphide ores, and have been in use in Canada, England, and Utah. These 
ferric brines arc more widely used for leaching prepared ore than for attacking raw 
ore. Whereas lead can be dissolved in a neutral brine, the silver is so easily pre- 
cipitated from the solution on such substances as zinc sulphide that almost invariably 
the brine must also contain small amounts of acid or of ferric chloride or cupric chlo- 
ride, all of which tend to redissolve any precipitated silver sulphide. 

A practical method for removing lead and silver from zinc sulphide has been 
developed in Australia, consisting of mixing the ore with sufficient zinc chloride to 
supply 33 per cent excess chlorine over that necessary for combining with the lead, 
silver, arsenic, antimony, and tin in the ore, and heating to 400 to 500°, out of contact 
with air. Chlorides of arsenic, antimony, and tin are volatilized, and chlorides of 
silver and lead remain in the anhydrous mass. These are leached in brine containing 
hydrochloric acid and ferric chloride. 

Chloride -volatilization Processes. — These involve the chloridizing roast of 
the ore and the precipitation of the fume so produced by Cottrell electrostatic 
apparatus. There have been four commercial, or semicommercial, chloride-vola- 
tilizing plants, all at present shut down, work having been discontinued in 1920 
and 1921 owing to low metal prices. The Western Metallurgical Co. started 
operations in Arizont^ in 1924. Except for the limitation of fume recovery to 
electrical apparatus, chloride-volatilizing methods are, in general, adapted to a 
wider range of ore and are less sensitive to trouble than the brine-leaching proc- 
esses. Metallic chloride vapors condense as colloidal particles of fume, each 
surrounded by adsorbed films of air or gas, which prevent collection by any 
other means than electrical precipitation. ^ These particles pass untouched 
through water or any form of scrubbing device^ but the electrical stresses of the 
Cottrell field break up the gas envelopes. Bag houses of textile filters will make 
a high recovery, but the corrosive action of fumes and gases rapidly destroys 
the fabrics. 

The field of chlorine in lead metallurgy is important, and is discussed elsewhere in 
the present volume. 

MlsceUaneous Processes. — Direct sulphuric acid treatment of mixed sulphide ore is 
receiving attention in England and Burma, but no wide success has been attained. 
In one Elmore process strong acid (95 per cent H 1 SO 4 ) at about 100°C. converts galena 
to lead sulphate, which is later removed by brine, and zinc sulphide is largely 
unaffected, while in the Christonsen method a treatment of the complex sine-lead ores 
has been developed with acids weaker ^lan 80 p^i||nent, which produces aknoet the 
opposite result. 
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An old proem roBtored to active cooBideration in recent operational the Canetin 
dry proeeee, is reported in late use at Newcastle, England, in the treatment of 
Burma sino-lead middlings, and sulphides. Tliis method consists in feedimt^n 
verised ore<^~dO mesh—into a molten bath (550^0.) of ZnCla and NaCl. Zinc replam 
lead and silver, which are dissolved as chlorides, ZnS being precipitated. The lead 
and silver are then precipitated as metals by granulated spelter, added in the amomit 
d 35 per cent of their weight, the dissolved spelter forming ZnClt. The silver-bearing 
lead is siphoned out of the cast-iron kettle in which the reaction has taken plaoe^ the 
residue granulated, the salts leached with water, and the zinc-bearing gangue flraed 
from lead shot by tabling, leaving a zinc ore free from lead. Theoretically, there is 
no loss of reagent, and this old process is at first sight very attractive. It has had a 
most serious and costly revival loy one of the major lead producers recently, and 
although its users feel that there may be conditions under which it might be valuable, 
it has been again abandoned. The chief cost is not in the manipulation, hut there 
proves to be a heavy expense in cost and losses in the circulating load of metallic 
zinc. Recoveries are excellent, a 30 per cent lead-bearing zinc concentrate being 
reduced in lead to 1 per cent, and the silver from 35 oz. to 1 oz. w 

It is claimed that the hydrometallurgical method, not using brines — the sulphate, 
or Coolbaugh process — ^yields good results in the treatment of complex lead-zino- 
copper ores which will not yield to mechanical concentration as a means of separating 
zinc from lead or copper. The ore is roasted (.550 to 700°C.), to produce the maximum 
amount of sulphates. Towards this end, the SO 2 is used over again, converted by 
ferric oxide and other catalyzing agents into the trioxic^e, and a thorough sulphatipg of 
the ZnO accomplished. The calcines are leached with water to separate the soluble 
zinc and copper sulphates from the balance of the mineral. Copper is precipitated 
from solution by zinc, and the zinc sulphate is either evaporated to crystallization, 
and used in the lithopone industry, electrolyzed for metal, or the zinc is precipitated 
in neutral solution. The residue containing lead, copper, and other metals, if any, is 
sintered and smelted as a zinc-free product. Processes of this character belong 
perhaps more directly to the metallurgy of zinc than to that of lead. 

A process on which considerable experimental work has been done in Colorado 
is the^ so-called Gordon “gas-house-liquor’* process. It deserves mention, per- 
haps, because it seems theoretically sound. It is suitable mainly for treating 
typical zinc-iron-lead middlings. They should be low in iron to minimize the 
formation of insoluble ferrites, and low in lead. Briefly, the process consists of 
roasting; leaching zinc and copper with an impure ammoniacal menstruum; 
precipitation of copper with zinc, and of zinc as a carbonate in standard ammonia 
stills; and calcination of the carbonate to impure zinc oxide. The feature of the 
process is the use of by-product gas-house liquor as a cheap source of ammonia. 

The art of smelting lead ores is based on these three principles: (1) the reduc- 
tion of lead oxide by carbon or carbon monoxide; (2) the reaction between lead 
sulphide and lead sulphate or oxide, resulting in a double decomposition with 
the formation of lead and sidphur dioxide; and (3) the decomposition of lead sul- 
phide by metallic iron. All of these reactions endothermic, i.e., they require 
heat supplied eidiraneously. 

The first principle is the basis of what is known as the roast-reduction (or blast- 
furnace) method of smelting, in which lead oxide, lead rilicate, or other oxidized com- 
pound must first be prepared from sulphide ore by a roasting operation. 

The second is what is known #8 the roastHreactim or air-reduction method-^the 
basis of reverberatory and ore hearth smelting. The tiiird is the basis of the pre^ 
oipitation method. 
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All of these methods ore employed practically in the United States at the present 
time, either alone or in combination, the latter being more commonly the case; also, 
the principles are not practically so sharp as theoretically stated, the reactions fimda- 
mental to one process invariably playing a certain part in the other processes. 

If a lead ore were absolutely pure, there would be no other consideration in the 
smelting processes than those reactions which relate to lead and its cjjfemical combina- 
tions; but, practically, lead ores are never pure, the valuable minerals being mixed 
with a certain proportion of foreign matter, which must be separated by making a 
slag of it. In the roast-reaction method of smelting, it is true, no slag, properly speak- 
ing, need be made, the reduced lead being liquated out from the worthless impurities, 
but the latter will still retain a high percentage of lead, and, in order to effect a high 
degree of extraction from the ore, it must be subjected to a further smelting process 
in which a true slag is made. In making a slag, the object is to combine the impurities 
into a fusible silicate, which, when molten, will be of comparatively low specific 
gravity, so that the heavier lead will settle to the bottom of the crucible of the furnace, 
whence it may he drawn off separately, while the lighter slag will float on top. Besides 
the slag and metal, there is formed another substance, matte, which is lighter than 
the metal but heavier than slag. Matte is an artificial sulphide, consisting in lead 
smelting usually of the sulphides of iron, lead, and copper (if copper be present in the 
ore), and owes its origin to the incomplete elimination of sulphur from the ore. Simi- 
larly, speiss is an artificial arsenide of iron. 

The difference between lead smelting in principle and in practice is chiefly due to 
the incompleteness with which the basic reactions are carried out, and the qualifying 
effect of the impurities that are commonly met with in ores. Thus certain metallic 
impurities are reduced with the lead, contaminating it and necessitating a subsequent 
refining process. Other impurities affect the composition of suitable slags. Others 
affect the running of the furnace in various ways. 

If the ores are free from silver, the lead resulting from the smelting process is 
usually of market grade after it has undergone a slight purification by liquating and 
poling. In a few instances, ^‘silver-free” (Mississippi Valley), lead undergoes treat- 
ment by the Parkes deSilverizing process, as the amount of impurity present is consider- 
ably reduced, and the higher price received for the better grade of lead and the small 
amount of silver recovqired make the operation profitable. If the ore is urgentifpjous, 
as is the case with practically all districts outside the Mississippi Valley, the silver 
passes, for the most part, into the lead bullion, and the latter is then desilverized by 
either the Parkes or the Pattinson process. 

The smelting of lead ores is carrieti on in three types of furnaces: the reverbera- 
tory, the ore-hearth, and the blast furnace. Of these, the first has become almost 
obsolete; the ore-hearth in recent years has become of considerable importance with 
a limited class of ores; the blast furnace remains t^ leading method, as it can treat 
economically all kinds of ores. 

The most primitive form of lead smelting in the United States was practiced 
with the log and ash furnaces in Missouri prior to 1850. They employed the 
roast-reaction system of smelting and were applicable only to non-argentiferous 
galenas, of very high grade in lead. They were for the most part displaced about 
1840 by the Scotch-hearth furnace. Later, reverberatory furnaces of the Flint- 
shire type came into use, but never extensively, nor with such success as to 
develop a permanent metallurgical practice. The Scotch hearth, however, has 
survived, and in its modern development is the basis of a highly efficient process 
in the treatment of certain classes of ore, especially high-grade non-argentiferous 
galena. 
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Neither the Scotch hearth nor the reverberatory furnace is well adapted to the 
treatment of argentiferous ore, or to the treatment of ore containing lees than 00 
per cent of lead, while the smelting of carbonate ores alone in these ways is not laa- 
Bible. For these reasons by far the major part of the world’s lead is produced by 
smelting in the blast furnace. 

In smelting aiiy kind of lead ore in any way, the sulphur must be burned off, 
partly at least, and the impurities must be combined in a slag, fusible at approxi*- 
mately 1100 to 1200®C., and of specific gravity not to exceed 3.6, or but little 
more. The slag must be of a composition which will form at the right point 
in the smelting process, will be thoroughly liquid, in order to insure a satis- 
factory separation from the ma^te, and will require the minimum consumption 
of fuel, the chief part of which in blast-furnace smelting is always consumed in 
effecting the formation of the slag. 

The sulphur is eliminated in various ways, which may be enumerated as 
follows: 

1. Roasting , — ^Lead ores, being usually low in sulphur, are not self-burning in 
the ordinary roasting furnace. As the decomposition of lead sulphate is effected 
only by reaction with silica, forming lead silicate, the necessary temperature 
must be chiefly supplied by the combustion of carbonaceous fuel. The roasting 
of lead ore may be done in three ways, viz.: 

a. Ordinary roasting, in which the ore is simply desulphurized, at the same 
time being more or less sintered. Often the ore is partially fused, so that upon 
withdrawal from the furnace it crusts or may b(‘ pounded into cakes. 

h. Slag roasting, in which the ore is completely fused. 

c. Blast roasting, in which the sulphides are self-burned and sintered under 
air blast, either pressure or suction. 

The object of roasting is to rc'ducc the sulphur as low as possiljle, without entailing 
undue losses in other directions. The sulphur is more completely eliminated by 
sinter roasting than by ordinary roasting, and more completely by slag roasting 
than by sinter roasting, but at the same time the loss of lead by volatilization is 
heavily increased, and in slag roasting is so high that the process has been aban- 
doned in the United States, save in one or two instances. Ordinary roasting, by which 
the sulphur is reduced to about 4 per cent, had become the generally adopted method 
until recently displaced by the “blast-roasting” process. 

The subject of roasting, in general, finds detailed treatment in another section 
of this volume. 

2. Roast Reaction . — Lead sulphide burned partially to sulphate reacts with undo- 
composed sulphide, setting free metallic lead and sulphur dioxide. This process is 
effected in the reverberatory smelting furnace (Flintshire, Tarnowitz, etc.) wherein the 
charge is first partially roasted and the reaction is then effected under increase of 
temperature; also in the Scotch hearth, wherem the roasting and reacting go on 
contemporaneously. In the modern blast furnace, which has lines and is operated 
under conditions promoting oxidation, roasting and reacting play an important part. 

3. Precipitation . — In this method the ore is charged raw into the blast furnace and 
the lead sulphide is decomposed by iron, precipitating metallic lead, while the sulphur 
combines with the iron, forming a matte, from vrhich the sulphur is subsequently 
eliminated by roasting. The quantity of matte to be roasted is apt to be as much as 
the quantity of ore smelted, but the loss of lead is less than if the ore were roasted 
originally. There are other drawbacks, however, and this method, which has nevier | 
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and ameliorated labor conditions, an important item in view of the severity of the 
latter, especially in hot weather. 

The Blast Fwmace. — The lead blast furnace has become in recent years prac- 
tically standardized at modern plants, in probably its maximum dimensions. 
Materials going into, and products coming out of, the furnace are handled in 



Fia. 1. — Blast furnace, Northport Smelting Refining Co. 

almost as many different ways as there are plants in the industry. In this 
respect also, there is a tendency toward standardization, as hand labor becomes 
gradually replaced by machinery. Ijead blast furnaces have certain common 
features, in general — rectangular horizontal section, tapering sides with boshes, 
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straight ends, a water-jacketed smelting zone, internal crucible, and the Arents 
siphon tap for lead. The circular water-jacketed furnace is used only to smelt 
at intervals small quantities of intermediary products of a refiMiiy» or for ore 
smelting in remote localities. The brick shaft common with most ore furnaces 
has in some of the recently built plants been replaced in its lower portions by 
steel water jackets. 



Fio. 2. — LonRitudinal sertion, Northport furnace. 


With the increase in size of furnaces and of smelting plants the transportation of 
ore, flux, and fuel by teams and wheelbarrows, became impossible, and reliapce on 
hand labor for manipulation less axul less efficient, and these early methods have 








Figs. 3-4. — Bunker Hill & Sullivan Mining & Smelting Co.’s blast furnace, 
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largely given way to mochanical traction and handling. The accessory apparatus lor 
removing slag from the early small-size furnaces treating mainly oxide ores consisted 
simply of pots pushed by laborers. As oxide ores were replaced by sulphides, matte 
handling became a problem in connection with slag handling, solved by extra settling 
pots which have now given way to large forehearths. As tonnages continued to 
increase, and speiss, dross, furnace accretions, and refractory slags came into the 
picture in the various smelting centers, compressed air, water, steam, and electric 
power were brought into play;'and mechanical traction, slag granulation, and mechani- 
cal furnace manipulation, in general, arc found throughout the industry. 

The waste gases in early lead smelting escaped to the atmosphere, carrying damage 
to crops and men in the immediate vicinities of the plant; in later periods settling 
chambers for catching dust from tfie smoke stream were provided, and these have 
been supplemented and replaced now by bag houses for filtering, and electrical con- 
densing apparatus for precipitating, the dust. The primitive blowing engines ade- 
quate for blast requirements at first, have been superseded by rotary pressure and 
centrifugal blowers. 

The standard form of lead blast furnaces is illustrated in the equipment erected in 
recent years at the Northport,’ Wash., and Kellogg, Idaho, plants. 

The dimensions, and princij)al facts of operation (1924) of some of the leading 
furnace plants of tlie United States and (^anada, and Australia, are assembled in the 
table on pages 876 to 879. 

In considering the lead blast furnace the following points may be mentioned. 
The weight of a modern furnace with brick shaft is something over 100 tons. The 
shaft, the heaviest part, is carried on four cast-iron or steel columns, one at each corner, 
resting on a concrete foundation extending about 3 ft. beyond the bedplate and sup- 
porting columns. 

The height of the shaft, t.c., the smelting column, extending from the tuyeres to the 
feed floor or to the bottom of the down-take flue for gases, varies at different plants, 
the tendency being to increase as time goes on. Twenty-five years ago the distance 
from tuyeres to feed floor was from 10 to 12 ft.; this later became J4, then 16 (a com- 
mon dimension in recent years), and has been carried as high as 24 to 28 ft., with 
notable success in Australia on charges high in zinc (Sulphide Corporation). The 
increase^n height has followed the greater volume and pressure ef blast re(iuired by 
the gradual enlargement of capaciiv and smelting power of furnaces operating on 
siliceous and limey slags instead of those running high in iron, and on charges carrying 
heavy zinc burden. Blast pressures, formerly 8 to 10 oz. per square inch, range at 
present from 30 to 40 oz., and in the case of the Sulphide (corporation, New South 
Wales, were 70 oz. at the time of suspending operations at that plant in 1922. 

The horizontal section of the furnace is rectangular, the width being most com- 
monly 48 in,, ranging from 36 to 60. The distance between tuytVes is limited because of 
the excessive blast pressure which would be required to penetrate to the center of 
larger furnaces which would cause excessive volatilization of lead. When furnace 
charges consisted largely of fine material, the usual distance was 42 ifi.; with blast- 
roasted ore and a coarser charge this dimension increased to 54 and to 60-in., although 
44 and 48 in. are the more common figures. 

Enlargement of the lead blast furnace has taken the direction, inevitably, of 
increased length rather than breadth, doubling from the old 60 in. to 120 in., and 
later increasing to 160, 180, and 192 in. The limit to which the length of a lead furnace 
can be efficiently increased is an open question. A normal crew can serve a furnace, 
say, 152 in. long; if this be increased, extra men are necessary, and the additional 
tonnage obtained is not equivalent to the added cost of labor. Some furnace men hold 

> These furnaces have been transferred bodily to the East Helena plant of the American Smelting 
A Refining Co. (1922) following the shutting down of the Northport plant. 



Furnaces 


876 


NON-FERROUS METALLURGY 


£"3 


wo C 

!;gU;g3.Sj: „5:g-i?$„N»Svvoi e*® 
S“5‘ s" “ 


cS 

X 


s*;«^ '*'®8 S’^xo 


iai:! 




®gooCo-XX 

S 5 : ®2 .C« 


2?5S 

'^’^*2 .5^°° 


coic^ic§ 

eft i^t^ W 


.ro^ 


•sa cb=~ 

^ 0^0 o^ 


tD’£> 

«« ^S3.So 


^*0_000 .N fc-»®^O0Qn jf’^XXt^O'SoOy ^ ^ (5*CO«S »o7® • 

s ^ ss t3 •':; -- » 


<« 

«c 

r/3 ^ 

U) 


< o 0 ^ 

'O 


00 C B 

00 ©— " 

io '-' oc Qo o 


25^ 


^ CC*®0 J;^O.H^O^t^XX ; 


Xb 

'P 2 ^ « 


52 


S77»®®° 




^ O 
?(■ Jffl 

fl 


"S c 
•2 .i 

■« o^ 
§^| 


{« O CC 00 

F-iOO -'' rj^.S *^“^£^'”2 

,^rHioQopow.,’c:S'^!rj2_ :H p co 
XOyc^® 2i!^*'®^2’»'^XX^O o^X 
o-niSi; r/iS'*'t;<N mooo •f^'-XfM 

9 is-in 00 © 00 

22 C« 


t-~o 3 wow o^ao“5*^o 

g«wc®w|^^ ©lis 

-o o; S'® ’-'QOi-i 



o 

eo 

X 




« x^oO®® 

I^X’^'^.-IXI-I 


>^,00 


& £ 

-C 


Ji "p 

©■j; E 

‘a O i' 


J««l s^° - 
■||•ahg•s:§ 

0)- Sij: £^ aP 

■nz^^Uih : 


■i ■ 

si • 

J3 tJ -a 

bo « „ c G rt 
!l • .5 iJ 

■till 

gg”. .--li. 


G 

si 


X 

J3 



'"’I ^ 

I 

•’" 

C' -* . ** ■ -S 
0 )— *J c P 

t S-SS 5*^ 

.5 41 Sf S 

®-B - “uS 

i?|s5|* 

■sSr-* 


i Jl. 


ajs-os-'S 
- s|85^a 
^-SejSl ;'S«'888 

'g -Sspfcfefe 

S S s’* v P Z «_S S3 ^ ^ ^ ^ 

fa 





Blast Furnaces. — {Continued) 


878 


NON-FERROUS METALLURGY 




Chai 


LEAD 


m 


•"S 




CO 





< 


Q 



d 


^ ^ ^ 

§iig§SSJ;«2® 

y.zzzz ® 





a 

n 


^;$^qo®oo 8 ^ 


o 

3 


bii 

< 


— — O 'O CO 
t'.°®OWC 0 ^i'Ji 0 O 


CO 

« 


QO C 
ON 5 c 




C C H B 0<N^ , 

O O O O O • ,1 A— 


*5 4 . 4,qjia,i00i*0 _‘C5 

i-(Ngo’^®®5«o o c a B c a<N«':^toooco 

0 ; 


X 

g 


b a a 

ilJlil 


I 2 

n u 

Ki. 

I'Sj 


& 

. : ® ® g S fe § ^ol):i 


** H a 
Jj -gg 


>, 


«'' 6 e 5 g 5®wS« 

^ Qfeggfoosf 8^86 

g8S.S.?aa»^&t§S» 

S.6AHO<q'5'rtj:?j3 M B ^ 
■B* oT cT oT «rofaO-i!Nfc'<0 & 

K 4 * 5 -« 4 a * 


O' . 

.a lA 




880 


NON-FERROUS METALLURGY 


that 152 in. is the maximum economic length with a single slag tap; otherasay 192 in. 
No great success has been attained in imitating, on the lead furnace, the great increase 
in length that has been such a notable development of the copper blast furnace, with 
double complement of slag taps and lead wells, as lead smelting is a more delicate 
matter than copper smelting. When a lead-smelting furnace becomes unsatisfactory 
it is usually cheaper to blow down the furnace, bar out, and start fresh instead of 
attempting to nurse it back to normal work. With a copper furnace^ this is done more 
readily than with a lead furnace, and with less loss of metal. The larger and higher 
lead furnaces have shown, within limits, a greater smelting power than was expected 
from the increased hearth area, and the increased tonnage has been accompanied by a 
lower fuel consumption. 

The vertical section of a lead blast furnace js marked by side boshes, and a 
contracted tuy6re section. This contraction secures a more rapid combustion and con- 
centrated, intensified heat, resulting in a quicker fusion and more complete decomposi- 
tion of sulphide of lead. Then when, higher up in the shaft, the width is suddenly 
increased by the boshes, the gases formed at the tuyeres are checked in their upward 
velocity and more evenly diffused through the descending ore column, giving up their 
heat to the charge, and preparing it for subsequent fusion. In addition, the spread of 
the gases decreases the amounts of flue dust. 

The ends of the furnace are usually without bosh, although some of the earlier 
plants have end bosh as well as side. Experience generally indicates that the end 
bosh tends to bring about wall accretions. 

Extending from the bottom of the brick shaft to the top of the crucible are the 
water jackets — water copied iron or steel shells that enclose the smelting zone to pro- 
tect the furnace from corrosion by the slag. A substantial amount of furnace heat, 
perhaps 10 per cent, is carried away by the cooling water of the jackets, but they are 
essential to efficient operation. 

The tuyeres — circular orifices through the jackets, usually placed about 13 in. 
above the bottom, 4 to in. in diameter — permit the entrance of the blast to the 
smelting zone. They are placed along the sides and back of the furnace, and with 
centers 16 to 20 in. ajwirt. The modern furnace takes from 5,000 to 8,000 cu. ft. of air 
per minute. 

v/ The hearth ,* or crucible, enclosed in brick, concrete, and iron work, extend^^ from 
the foundation to the*l)ottom of the jackets. The lines of the crucible are usually a 
continuation of those of the shaft, and the depth of the crucible ranges from 20 to 36 
in., commonly about 30. In order to reduce the amount of lead necessary to fill the 
crucible — which runs from 20 to 40 tons — ^the walls of the crucible are sometimes sloped 
in at the sides abruptly, and in certain cases the entire back half of the crucible is 
bricked solid. 

The Arents Siphon lead tap, an aperture throug;h the side wall of the crucible, con- 
sists of an inclined square channel (about 8 X 12 in. in cross-section) leading from the 
bottom of the crucible side wall inside to the stop on the outside. At its top, outside the 
furnace, the channel is enlarged into a dish-shaped basin, the lead well. This tap is 
placed either at the middle of one of the sides, or preferably, a little toward the front of 
the furnace. When the furnace is running, the cnicible should remain full, or nearly 
full, of lead, and the lead in the well stands higher on account of the pressure of the 
blast and the weight of the charge. The discharge of the lead basin is at a level from 
4 to 10 in. above the top of the crucible. The furnace man keeps the lead in the basin 
at a height which maintains the lead in the crucible at the top of the hearth, gaging this 
by actual experience in tapping. Ordinarily, the furnace man will close up the lead 
discharge periodically in order to force the lead in the crucible to rise to a level where 
some begins to run out with the slag, so that he may know that all speiss, matte, and 
zinc mush has been cleaned out of the furnace when the furnace slag is tapped to a blow. 
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With charges running high in lead, — 30 to 45 per cent — the lead overflows oontinuoxlsly ,, 
from the well into a suitable lead kettle at the side of the furnace; with the more ocnnmoh 
10 to 15 per cent of lead on charge, it is tapped at intervals. 

Handling Ores and Products. — The blast furnace may be considered as the 
objective point on which turns the entire transportation system and flow sheet 
of the plant. Tlie receiving and disposing of raw materials — fluxes, fuels, ores — 
for the blast furnace, and the disposal of its waste, intermediate, and primary 
products, form part of the general arrangement of the whole smelting plant, 
involving also the sampling and storing of materials, roasting and preparing 
smelting charges, and the disposition of power, water, and other necessary fac- 
tors. All this involves an engineering problem of considerable magnitude, 
detailed mention of which is outside the scope of the present discussion. In other 
sections of the present volume will be found treatments of sampling, fuel, roast- 
ing, power, fume collection, slags, and other phases of smelting procedure which 
are more or less common to reduction plants for all metals. 

Briefly stated, the products of the lead blast furnace are disposed of as follows: 

1. Lead . — Crude lead from the Arents siphon-tap basin is usually transferred to a 
dressing kettle of some 20 to 40 tons capacity, where it is freed from impurities held in 
suspension or solution. This is accomplished by “poling” (mechanical stirring of 
liquid lead by means of compressed air or steam). The impurities which rise to 
the surface become slightly oxidized and remain on the surface of' the bath, from 
which they are removed, as dross, by skimming with a perforated disc or huge spoon. 
Formerly, a green pole was thrust into the lead. The gases and vapors set free stir ups 
the lead and expose new surfaces continually to the air, resulting in the slow oxidizing 
of Cu, S, As, Sb, Zn, and Fe, which collect on the surface as a dross. The kettle filled 
with liquid lead is allowed to cool to about 480*^0. before it is drossed. After dross is 
removed, the lead is air poled until the temperature drops to about 360°C., removing 
constantly the accumulating dross. The temperature is then slightly raised (to 
about 380°C.) for the taking of “gum-drop” samples (small ladle samples weighing 0.5 
assay-ton each) and then to about 425°C. for casting the lead. The dross usually 
goes 6ack to the blast-furnace charge, after being freed by licjliation, or pressing, of 
much of its occluded lead. 

An interesting improvement in dressing methods has recently been patented by 
Hulst, consisting of stirring fine sulphur into the kettles of molten bullion or lead. 
This causes the copper to rise to the surface with the dross, as sulphide, leaving the 
bullion very clean of copper, down to 0.05 per cent and less. 

2. MaXte and Slag . — An imaginary cross-section of the crucible of an operating 
furnace would show the crucible filled with lead, and floating above the lead, speiss, 
matte, and slag in the order given. The lead leaves the crucible through the siphon 
tap, which takes off at the bottom, and the other products are tapped through the 
tap jacket at the front of the furnace, intermittently, into an e^tternal receiver, or 
forehearth, in which they separate in accordance with their specific gravities, speiss 
at bottom, matte above speiss, and slag above matte. On top of the normal matte 
there is usually found a zinc mush which separates with difficulty from both slag and 
matte. 

This zinc mush, inside the furnace, and outside, as well, is the bane of lead furnace 
men and metallurgists; it is the root of furnace troubles which may vary in intensity 
from merely unsatisfactory assays (metal losses) to the entire loss of the furnace 
through freezing, or slagging (mushing) of tuyeres. More than any other single factor 
the solution to the zinc-mush difficulty is to eliminate the possibility of its formation, 
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by dead roasting the Hulphides of the charge. Zinc combined with sulphur spells 
trouble, zinc combined with oxygen is handled ^nd slagged with comparative ease. 
During the last five or ten years, as the zinc burden at many of the lead plants has 
increased to heavy proportions, tlicre has been intensive, skilled application to the 
problem of handling this troublesome element in matte and slag. The solution of 
the problem has rested largely in so perfecting and extending the roasting operation 
that practically no sulphide sulphur is left in the charge. With the i^phur content of 
roasted ore now regularly reduced to from 2 to 3 per cent, it is found at many plants 
that no matte or mush is produced as a furnace product, the slag itself taking care of 
the small amount of sulphur that reaches the smelting zone of the furnace. 

At virtually every lead-smelting plant of size, this zinc factt)r has been steadily 
creeping up as a difficulty and menace during every^one of the past five years, as lead 
ores from constantly deeper zones have been brought to the surface, to be concen- 
trated by flotation. It is proper to say that the aim of lead metallurgy for the past 
five years has been (jhiefly to cope with the ever-increasing volume of fine zinc- 
bearing materials which have been delivered to the smelters hy these flotation mills. 
At present (1925) the art of flotation has moved on into a notably successful stage 
of selective work, whereby the zinc and lead of complex ores are separated into 
much cleaner products. This accomplishment is greatly relieving the zinc burden 
of the lead metallurgist. 

As indicated above, better roasting (sintering) 1ms been the largest single factor 
in meeting the zinc situation. There are two other points m the blast-furnace manip- 
ulation of zincy lead charges, that, although not so generally known, arc recognized 
at certain plants as of almost ecpial importance in (iornbatting zinc troubles At 
Namtu, Burma, ^ where slag zinc runs up to 30 per cent ZnO, it has become recognized 
that zinc troubles are not always sulphur troubles; this plant is more inclined to say 
that some zinc troubles are sulphur troubles. Home of the most troublesome work on 
record at the Namtu furna(;es occurred when the physical condition of the sinter was 
quite up to the average, with sulphur only 2 per cent; furnace clean; coke good; and 
when the analysis of the resultant slag was in line wjth their best types. Trouble ap- 
peared because, although the zinc and the iron were in the charge in the correct propor- 
tions, they were not there in the correct condition. It is one thing when the iron 
necessary to satisfy the slag demands of the zinc exists in the charge in intimate asso- 
ciation with the zinc and when also, a comparatively small amount of slag material has 
to be made to carry the ziiu; in the concentrate as at Broken Hill and the Coeur d’Alene; 
it is another, and much more troublesome, matter when the iron requisite for a heavy 
zinc charge has to be supi)lied almost entirely, as at Namtu, by the addition of 
limonite, and to obtain satisfactory combination, a considerable heat reaction is 
required. At Namtu, it is also to be noted that a slag fall of 2:1 is obtained by the 
amount of slag which has to be formed to carry the ziiu*, even when this slag con- 
tains 30 per cent ZnO. 

At Cockle Creek, N. 8. W.,® control of zinc troubles had been secured, prior to the 
shutting down of this plant of the Hulphide Corporation, by smelting methods which 
were almost uni(]ue in lead blast furnace practice. A combination of high ore colunm 
(26 to 28 ft.) and high bhist pressure (approximately 70 to 75 oz.) maintained an 
intensity of temperature at smelting zone and a drive of the furnace that resulted in 
remarkable freedom from zinc accretions and troubles, and gave slags carrying well 
under 1 per cent lead, with no unusual losses in any direction. 

Where matte is still made in appreciable quantities, large movable forehearths 
(about 8 by 4 by 4 ft.) receive the stream of slag and matte tapped from the furnace 
breast. The matte is trapped, and accumulates in the forehearth, while the slag 
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overflows from the top. At intervals the matte is tapped through the side. Hie waste 
slag pots are hauled away by power and slag disposed of either by pouring over the dump 
or into a granulating apparatus. The latter is becoming more frequent of latei as 
modem practice is demanding granulated slag as a diluent for blast-roasting charges. 

Formerly, all shells and crusts from waste slag pots were brought back to the blast 
furnace for resmelting, because of enrichment of lead and silver in the shell, fluxing 
requirements, anfl beneficial effect on the blast-furnace charge, but the practice of 
recent years tends to discontinue the resmelting of slag shells, substituting therefor 
the resmelting of receiver (or forehearth) bottoms. Two forehearths in series are 
becoming popular, with consequent throwing away of the entire contents of the slag 
pots. In a few instances the slag-matte mixture tapped from the blast furnace 
is transferred to a small reverbemtory settling furnace from which matte and slag 
are intermittently removed. 

The matte contains silver, gold, lead, and copper, and must all be retreated. It 
is crushed — at some plants granulated from the forehearth — mixed with the roaster 
charges, and desulphurized, before being returned to the blast furnace. Or, it may 
be concentrated (by matte smelting") into a smaller amount of copper-rich matte 
which is sold tt) copper works. Or loady-copper mattes may be converted, with or 
without the addition of siliceous fluxes, in a manner similar to the standard treatment 
of copper-iron mattes, by forcing air in small streams through the side of an iron 
vessel lined with basic refractory material, into the molten matte at a temperature of 
1100 to 120()°('., oxidizing the Fe, Pb, and S, and recovering the Cu, As, and Au, as 
metal. The oxidized Fe is slagged, and the Pb is partly slagged, partly volatilized. 
Slagged Fe and Pb, as well as volatilized Pb, are subsequently retreated in the blast 
furnace. 

3. Fume and Dust . — Hoods arc placed everywhere around a blast furnace where 
fumes arise, the pipes from all hoods leading to a main flue and exhaust fan which 
deliver to a bag house or Cottrell plant. The gases and dust issuing from the top of 
the furnace, combining with the fumes from the tapping floor, travel through flues 
and chambers in which they drop most of their dust, and then to special condensation 
or filtering apparatus. The methods for recovery of flue dust a^id fume at lead smel- 
teries and refineries may be (jlassed as dry, wet, and electric. In another section of 
the present volume the subject of dust treatment is discussed in greater detail. 

Chemistry of the Lead Blast Furnace. — The charge — ore, flux, and coke — fed 
at the top of the furnace, is subjected as it descends through the shaft in about 
8 hr., at gradually increasing temperatures, to chemical reactions and physical 
changes which transform it into lead bullion, speiss, matte, slag and gases. The 
two processes principally involved are reduction and precipitation, and inciden- 
tally Bulphurization, at temperatures ranging from 1100 to 1200°C. at the tuyere 
level, to 150*C. at the throat. 

The principal reducing agents are C and CO. The carbon, sypplied by the coke 
(normally 8.5 to 13 per cent of charge) acts upon metallic oxides as soon as temperature 
rises to a point where its affinity for oxygen is greater than that of the metal that is 
combined with the oxygen, this action beginning at about 400®C. The products of 
oxidation are CO 2 and CO, the former resulting if the metallic oxide is easy of reduc- 
tion, say below 1000°C., the latter if the oxide is difficult of reduction, perhaps above 
1(K)0®C. The reducing action of CO, which begins at about 200®C., increases with 
temperatures up to about lOGO^C., beyond which point it falls off rapidly. 

The principal agent of precipitation is iron. Other metals act as precipitants also, 
in conformity with their affinities for sulphur. Each metal will displace from sulphides 
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other metals, whose affinity for sulphur is weaker, according to Foumet in the following 
order: 

Cu — Fc — (Co — Ni) — Sn — Zn — Pb — Ag — Hg — Au — As — Sb 
The more recent work of Schtitz places the series in slightly different order, as follows: 

Mn — Cu — Ni — Fe — Sn — Zn — Ag 

Precipitation, or decomposition of sulphide by metal, begins at about 900®C., and 
is at a maximum at tuyere level, where the furnace temperature ik around 1200®C. 
The precipitation reaction is reversible, however, and the complete decomposition of 
ehe metallic sulphides by iron is thus counteracted to some extent. 

Descending Ore Charge. ' — In considering the changes in the descending ore 
charge, it is convenient to distinguish four zones : the zone of preparatory heating, 
100 to 400®C.; the upper zone of reduction, 4(X) ^5o 700®; the lower zone of reduc- 
tion, 700 to 900°; and the zone of fusion, 900 to 1200°. There is no sharp line of 
demarcation between the zones, one passing over into the other; the reactions 
beginning in one zone may be finished only in the next or perhaps even the second 
lower down. The process of heat interception is continuous from the tuyeres to 
the throat, or from 1200 to 100°C. 

1. Zone of Pre^mratory Heating (100 to 400°C.). — The charge fed into the furnace 
first gives up its hygroscopic water, then that which is chemically combined. Clayey 
material, limonites, and some other hydrates give up at,400“(;). only part of this water. 
The evaporation of water absorbs heat and thus assists in keeping the top of the fur- 
nace cool. 

2. Upper Zone of Reduction (400 to 700®C.). — The decomposition of hydrates 
continues, the dissociation of carbonates and of some sulphates begins. The reducing 
effect of CO, which theoretically begins at 200°C., becomes noticeable only at about 
400°, and increases with rise of temperature up to about 9(X)°. It will, therefore, be 
an active agent in reducing PbO completely to Pb, and PbS04 partly to PbS; it will 
also start the reduction of Fe20a. The of the coke, which begins to act reducingly 
at about 400°Cy. and increases as the temperature rises, will change PbO completely 
into Pb, and PbS04 partly into PbS; it will assist CO in its reduction of Fe203, and 
will transform COa of the gas current into CO. There will further take place reac- 
tions of PbS04 and Pl?l) and PbS, setting free^Pb and SOa. 

3. Lower Zone of Reduction (700 to 900°C.). — The reactions started in the preceding 
zone continue and are in part completed; the effect of C becomes more marked than 
that of CO. The CaS04 in blast-roasted ore as well as BaS04 in raw ore are more or 
less reduced to CaS and BaS to be dissolved later on mainly by the slag. The disso- 
ciation of carbonates is about completed, C^aCOa at 910°. The union of Si02 with 
unreduced FbO and PbS04 begins, as does the decomposition of PbS, PbAs», PbSby 
by Fe; sulphurization of Cu begins about at the same temperature. Matte of eutectic 
composition begins to soften. Everything is prepared to be liquefied and to bring to 
completion the chemical processes. 

4. Zone of Fusion (900 to 1200°C.). — The reductions of oxides, including ZnO, 
and decompositions of sulphides are completed; ascending Zn vapor is oxidized and 
sulphurized. Lead reduced in the upper parts of the furnace trickles through the 
charge, picking up Ag on its way, and acting possibly upon lead arsenate and antimo- 
nate; it joins the Pb set free lower down from PbS, PbAs,, PbSby and continues to take 
up Ag. The sulphides of eutectic composition, which softened higher up, become 
liquid and dissolve other sulphides to form matte with a melting point lying below 
that of slag formation. The slag components Si02, FeO, and CaO form a slag of lowest 
formation temperature and this, trickling downward, dissolves the remaining SiOa, 

1 Hofman, H. 0., "Metallurgy of Lead," p. 343, 1018. 
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FeOj CaO, as well as other bases, such as AUOs, ZnO, etc. Scorified PbO is set free 
and reduced by C to Pb. The three main products — lead, matte, and slag — settle in 
layers according to their specific gravities; lead passing downward through slag and 
matte robs these of some precious metal; matte in a similar way removes Pb, Cu, and 
Ag from the slag; at the contact planes of the products, interchange of components 
takes place to a moderate degree with a tendency to collecting sulphide in matte, and 
metal in lead. The lead passes off through the lead well; speiss, matte, and slag are 
tapped into the forehearth, from which slag overflows into a waste-slag pot or granu- 
lating apparatus, and speiss and matte are tapped periodically into suitable receivers. 

An innovation in the feeding of lead blast-furnace fuel that has had some little 
attention among American mctallurgistrS in these last two or three years, and one 
which considerably alters the normal chemistry of the furnace, is the introduction of 
powdered coal through the tuy^/t orifices, as a substitute for a portion of the coke 
normally charged at the top of the furnace. Although this procedure has been used 
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with a considerable degree of success in recent years in copper blast furnaces in Kosaka, 
Japan, and Cerro de Pasco, Peru, its utility in the lead furnaise is still of uncertain degree. 
It has been found possible at Midvale, Utah, to substitute up to 30 per cent of the coke 
normally used, by powdered coal, thereby effecting some saving in the fuel costs, and 
obtaigpg better reduction and cleaner slags in a majority of instances. A slowing up 
of the lead furnace results, how^ever, which has led the balance of metallurgical opin- 
ion to view the worth of the procedure as doubtful. One plant only has been seriously 
attempting the practice, and at present the use at this point is held up, pending the 
settlement of patent entanglements. The method has many posmbilities, without 
question, which have not yet been fully demonstrated; it is oonheivable that the 
difficulties of slower furnace speed may be overcome by coarser, and specially 
prepared, sintered charges, and other methods of control. 

Mechanical Feeding of Charge. — The metallurgical and practical success of a 
blast-furnace operation depends as much on a proper physical condition of charge 
and its accurate distribution in the furnace shaft, as it does on the actual con- 
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stitucnts of the charge and their accurate calculation by the metallurgist in con- 
trol. One of the greatest steps in the advance of lead Hast-furnace work occurred 
when the old hand-feeding methods were replaced by mechanical feeding, about 
1900 , along lines developed by A. S. Dwight in Montana. This mechanical 
feeding system, and the general adoption of blast-roasted and sintered products 
in the ore charge, constitute the major improvement in the smelting of lead that 
has been developed in many years. Tonnages and metallurgical recoveries have 
Ixjen enormously benefited by this step, which has almost revolutionized the art. 

(yharge components, made up of ore, flux, fuel, and secondary products, vary 
greatly in size. In an ideal assortment of sizes, about one-third of the charge would 
in piecjes from 5 to 2 in. in diameter, one-third from 2 to 3^2 in., and the remaining 
third from }4 in. down. 

A coarse charge is preferable to a fine one, as the ascent of gases is more uniform; 
if too coarse, however, the gas(?s pass up and away too quickly and do not get in their 
proper work on the descending charge. A fine charge obstructs the flow of gases to 



too great an extent, and the gases tend to break tlirough at various points in the form 
of blow holes, which upset the chemistry and operation of the furnace completely and 
cause loss by carrying off dust aiul fume. In furnace work there is always a danger 
of fines trickling through the (‘oarser parts of the charge and reaching the smelting 
zone in a crude state, chilling the furnace and even clogging the tuy^sres. In modem 
smelting, with charges made up largely of blast-roasted materials, the fines have been 
reduced to such an extent that they seldom cause trouble. 

In general, the coarser parts of the charge must be placed toward the center of the 
shaft, and the finer material toward the side walls. The ascending gases have a 
tendency to hug the sides of the shaft, and their passage must be adjusted by charge 
distribution, so that the gas current will ascend evenly and uniformly over the whole 
area of the smelting colunm. The method of mechanical feeding developed at East 
Helena by Dwight in 1900 is at present in use at the majority of plants, in more or 
less modified forms. Tlie principle used is shown in Fig. 5. 
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The content^ of the charge car (4 tons) drop onto an A-shaped spreader which 
throws everythii^ toward the sides of the furnace shaft where the bulk of the dues 
remain, while the coarser parts roll down the inclined surface or trough of the descend- 
ing charge and gather along the center axis. To prevent carrying this segregation of 
coarse and iin^^too far, a modification of the Dwight spreader was adopted by 
W. W. Norton at Murnay, Utah, in which the A-shaped spreader, instead of being a 
solid casting was fhadc up of several parts separated by open spaces, or slots, as shown 
in Fig. 6. The charge, on dropping onto this spreader, is not all deflected toward the 
side walls, but a portion falls directly through the slots and lands in the center of the 
furnace. A satisfactory distribution of charge results, much fine with some coarse 
along the sides, and much coarse with some fine along the center. 

With charges in recent years made up so larg(;ly of blast^-roasted product, and the 
consequent greater smelting speed of the furnace, there is less danger of the heat 
creeping up in the furnace, and there is now a tendency to try to distribute coarse 
and fine more evenly through the furnace than of old. 

A few years ago there was, at a few of the American plants, a revival of the old 
Darby tube, or thimble, method of feeding charge and removing gases at furnace 
top, this being the method in vogue at the Australian smelteries. This contemplates 
a pipe or flue suspended in the center of the furnace, for the withdrawal of gases, 
around which the charge is fed. As the charge sinks to the bottom edge of the pipe, 
the coarse rolls ahead 0 ^“ the fines into the trough of the furnace, resulting in much the 
same distribution as is .secured with the Dwight spreader. 

There is now a general tendency at American plants to got away from this Aus- 
tralian, or Darby method, and to return to the Dwight system of charge distribution. 

Smelting Lead Ores in the Reverberatory Furnace. — Until within compara- 
tively recent years tlie smelting of sulphide lead ores in the reverberatory furnace 
was very common, esiKJcially in England, Belgium, and Austria. Since blast 
roasting has come into general use, however, reverberatory work has become 
nearly obsolete. In the United States there were in operation in Missouri in 
1877, fifty-six reverberatory furnaces, in 1914 only four. • 

The process involved was the roiist-reaction or air-reduction procc'ss, based on the 
reactions between PbS, PbO, and PbS 04 at temperatures belcflv 100()°C., which set 
free Pb and SO 2 . The precipitation process, based on the decomposition of PbS by 
Fe, was formerly in operation with raw lead ores in France and at (Chicago, also with 
roasted ores in (Cornwall. The precipitation process, a s a se parate procedure, has 
been given jlij) because of hi£h„t;oHt and Imavy loss of metal. 

The roast-reaction process in the reverberatory furnace involves two operations, 
oxidation and reduction, one following the other closely, and both being several times 
repeated. The finely crushed ore, spread in a layer 4 in. deep on the hearth, is hcatea 
gradually to a dull red (-500 to G00°C.). The roasting is carried on in such a way 
that only a part of the PbS is converted into PbO and PbSO^, the rest remaining unde- 
composed. The second step of the operation is that of raising tlie temperature to 
about 800°C. so that the oxygen compounds may react on undecomposed sulphide. 
The resulting metallic lead runs down the inclined hearth and collects in a basin, the 
SO 2 escapes into the flue, and the residue remains on the hearth. The temperature 
must remain low during this reduction pcricMl, so that the charge will not melt, buf^ 
will remain in a pasty condition. The reactions are imperfect if the ore be melted. 

It is impossibh'. to roast a large amount of lead ore uniformly in one ojKiration. 
'J'he first reaction that takes phn^e on raising the temperature will not extract all the 
lead. The residue will contain rich PbS, with some lea<l oxide, lead sulphate, and lead 
silicate. 1lic temperature is lowered, air admitted, and a second roasting takes plape, 
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Mkiwed by a second reduction. This cycle is several times rqieated tite bulk of 
the lead is extracted. With each successive reduction, the temperatun must-be raised 
slightly, as the amount of lead diminishes. To counteract the melting of the charge, 
slaked lime is added. Toward the end of the process there w^ll nov be enough PbS 
left to react on the PbO and Pb804, and to reduce these, coal h^uxed in. Each 
successive operation is of shorter duration than the preceding one, and the metallic 
lead obtairfed is each time a little less rich in silver. ' 

The products of reverberatory smelting are: 

1. Lead . — If clean enough this can be rendered fit for market by simply liquating 
and poling; if carrying arsenic, antimony* or copper, refining must be resorted to. 



r 2. Gray Slag . — This is a more or less matted mixture of lead (PbS, PbO, PbSOi, 
P^llSiOs), gangue, cinders, and lime, with some silver. It is crushed and smelted in 
Ime blast furnace. 

' * 3. Fftte Dust . — This consists mainly of oxidized compounds and is worked in witli 
^i^ubsequent chaiges, shortening the time required for roasting. If very impure, it is 
^Iteielted in the blast furnace, along with the gray slag. 

4. Hearth Bottom . — This consists of hearth material impregnated with m^tal. 
It h* worked up in same manner as the residues. 
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UnKatioiis Boast-reActloii Ftocess. — To bo suited for tise ^ 

rfum^oe im ore must be a rich galena, or a mixture of galena and oaribonate^ v 
does not contain less than about 60 per cent Pb, 70 per cent being jlrtleMiiie* 
It may not contain mwe than 4 or 5 per cent SiOj and its content erf bletuie^ pyrito) 
chalcopyrite, calcspar, and barite must be low. The process takes heavy fl|d 
and much skilled labor 





Fzas. 0-11. — Silesian reverberatory furnace, (a) Opening beneath drawing df>or,,fc,,| 
receive slag pot, d. (c) Drawing opening, (g) Stationary iron flue pipe. (A) Telei 
stack, lowered to position k when lead is to be tapped. 



Classification of Reverberatory Methods. — Reverberatdry prooedum vari^ 
widely in different countries, three distinct methods of reverberatory work beilll 
developed — Carinthian, English, and Silesian. Some of the principal plants 
toward the object of extracting as much lead as possible in the reverberatory 
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(Carintliian and English), while others the reverberatory by the Mast 

furnace, taking out only a major portion of the lead in the former. The rich 
residue from the reverberatory, smelted in the blast funiacc, permits a higher 
total extraction (Silesian). Then, some establishments roast the ore slowly at a 
low temperature, thereby obtaining a maximum recovery of lead (Carintliian and 
Silesian), while others conduct a hurried, high-temperature roasting, aiming to 
save time and labor at the expense of metal (English). Reverberatory furnaces 
vary in form and size also. 

The Carinthian method is distinguished by the smallness of the charge, slow roast- 
ing, low temperature of all operations, and the cxt^ction of all the lead in the rever- 
beratory. The hearth is inclined toward the flue and the lead collected outside the 
furnace. 



Fia. 12. — Silesian rcverbcra<t)ry furnace. 

The English method is marked by a large charge, quick roast, high temperature 
throughout, and extraction of all the lead in the reverberatory. The hearth slopes 
toward the middle of one of the sides, and the lead collects inside the furnace, being 
' tapped at intervals into an outside kettle. 

The Silesian method is characterized by a large charge, slow roasting, and a low 
temperature, the lead being only partly recovered in the reverberatory, which is sup- 
plemented by the blast furnace. The hearth is inclined toward the flue, beneath which 
' the lead is collected and tapped at intervals into an outside kettle. 

The Silesian furnace (Tarnowitz) is shown in Figs. 7, 8, 9, 10, 11, 12. 

The main data on the principal reverberatory furnace plants, assembled by Hof- 
man, 1918, is shown ii^ the following table: 
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Smelting Lead Ores in the Ore Hearth.— The ore hearth has eoUfi Wlc 
an important position in the lead industry during the present century. It is an 
ancient method, with operating principles which may bd'said to be intermediate 
between a reverberatory and a blast furnace. At first the only method for work- 
ing low-silica, high-grade, galena ores, it passed into disuse and became largdy 
replaced by the Reverberatory furnace, but the reverberatory has given way in 
recent years, with the advent of the bag house and Cottrell electrolytic processes 
for the collection of fume and dust, and the ore hearth, in modern, mechanical 
form, has taken a new lease of life. In 1914, there were in operation in Missouri 
alone seventy-five ore hearths (hand operated) with an annual capacity of 230,- 
000 tons of galena concentrate; by 1923, the Newnam mechanical ore hearth 
had replaced all of the hand "tearths on the American continent, and about 
seventy-eight of these furnaces are in operation with a capacity of 490,000 tons 
annually. 

Plants have also been erected, and are at present in operation, in (Canada, Knglaud, 
Spain, and South America, treating not loss than 60,000 tons. The total tonnage 
being treated over the Newnam hearth was about 550,000 in 1924, a figure which 
is increasing 

An ore hearth is, essentially, a low fireplace surrounded by three walls, with one or 
more tuyt'res at the back. It is invariably made of cast iron. In the front there is a 
cast-iron “work plate,” \vith a groove to carry off the reduced lead into a kettle. 
There is usually a partial front wall composed of a thick bar of iron, but often the 
front is simply a dam formed of ashes and powdered galena which is impervious to 
melted lead. The sides and back must be of iron in order to admit of chipping off 
the half-fused masses of slag which constantly adhere to them; they may be cooled 
simply by radiation from large, heavy castings (Scotch hearth), by a current qf air 
(Rossie hearth), by a water box f American water-back hearth), or by both air and 
water boxes combined (Moffet-Jumbo hearth). These differences may conveniently 
be taken as indicating the four distinct modifications of the hAirth process, though 
the manipulation is much the same in all. The Newnam mechanical hearth, water 
coole4 iSj of course, a fifth type. ^ 

The process carried on in the ore hearth is mainly the roast-reaction process, 
resembling that of the reverberatory furnace, but differing in the respect that roasting 
and reduction go on simultaneously, and that there is considerable direct reduction 
of lead oxide to metal by the carbon of the fuel. The charge — ore and fuel — fiuats on a » 
bath of molten lead; the PbO and PbHO^ react on undccomposed PbS; some PbO is 
reduced by C; and the metallic lead trickles through the charge to the bottom, over- 
flowing into an outside kettle. 

The character of the ore to which the hearth process is adapted, is determined by 
much the same limitations as for the reverberatory furnace Those limitations, 
however, are even more strict than for the reverberatory, the Pb content (usually 
70 per cent) should not be less than 05 per cent, the ore should be coarser (necessitating 
preliminary pugging or agglomerating, if too fine), and only low-silver ores should be 
treated. The latter restriction is due to the fact that much lead and silver is volatil- 
ized, under the blast of the ore hearth. With the development of methods of recovery 
of dust and fume in bag houses and Cottrell plants, these volatilization losses are, of 
course, greatly reduced. 

The ore hearth has one great advantage over the reverljcratory — it is quickly 
Started and stopped, without much loss of fuel or heat, and is, therefore, adaptable to 
the intermittent extraction of lead from small amounts of non-argentiferous ore. 



894 mN-FERR0U8 METALLVkOY 

It also consumcB less fuel than the reverberatory^ but requires purer and higher* 
grade ore. 

On the non-argentiferous, high-grade load ores of the Mississippi Valley, the mechan- 
ical ore hearth is almost supreme, although one large smelting plant remains still an 
advocate of the blast furnace as a method of primary treatment. The ether two 
major smelteries are reducing galena concentrates of about 70 per cent grade to bullion 
and gray slag on mechanical ore hearths, utilizing the blast furnace rf)nly as secondary 
equipment for the smelting of gray slag. Both methods are conducted with high 
efficiency, and the blast-furnace procedure has ardent advocates, but the high-grade 
ore of the district is peculiarly adapted to ore-hearth treatment. On ore of 70 per cent 



Fnm. 13-1 S. — Hand-operated ore hearth (English). 


grade, or better, a Or) to 70 per cent lead extraction is obtained, as bullion, on the 
hearth; if the concentrate is 80 per cent grade, a 90 per cent extraction, or better, is 
possible, coke requirements being from 3 to 5 per cent breeze. Of the lead charged 
16 to 20 per cent is rehandled as bag-house^ dust and fume, but this is largely PbS 04 
and PbO, which is of immense assistance in the ore-hearth process, which depends on 
the interaction of galena with the oxide or suljjhate to form SOa and precipitate Pb. 
If there were a sufficient amount of oxidized produ(*t present to oxidize all the PbS, 
it would be possible— theoretically — to reduce and recover all the lofid in both forms 
w ith but little extraneous heat. 
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About 10 to 15 per cent of the lead goes into a 50 per cent product -—gf ay slag"-*- 
which must be retreated, and whicli makes an excellent material for jrapid, efficient blaiit- 
fumace smelting. The Collinsville, 111., plant, as will be seen from the blast-furnace 
table, using Newnam mechanical ore hearths (and blast fmoaces for auxiliary treats- 
ment), maintains an abnormally high smelting speed on its blastfurnaces, 7.9 tons of 
charge per square foot of hearth (blast furnace) area, due to the easy smelting charac- 



Fi(;s in 17. — RoHsit* Jiir molod on* heurth 


tcristics of the gray slag which forms the principal constituent of blast-furnace 
charge. On the other hand, it is to be noted that the Henuilaiieum jilaiit with 90 
per cent of its blast^furnac^e charge made up of Dwight machine double-roasted con- 
centrate, and with no ore hearths or gray slag involved, has increased its smelting 
speiuls of late to the figure of fi.G tons charge per square foot of blast-furnace hearth 




Fms. 18-19.- — OriKinui American on* hearth. 


area. It hgs been found that the flotation concentrates of the Mississippi Valley, 
carrying 56 per cent lead, are not advantageously treated on the ore hearth, but must 
for maximum economy be double roasted and smelted in the blast furnace. 

The products of the ore hearth are similar to those of the reverberatory, with the 
added product of “browse,” a mixture of ore, slag, and fuel, which goes back to the 
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charge in the ore hearth. The gray Rlag produced is high in lead and is frequently 
treated in the slag-eye furnace — a small blast furnace with hot top — where its leatl 
contents are volatilized and then caught in bag houses for use as paint, basic lead 
sulphate, or “sublimed white lead.” 

Being a simple type of metallurgical furnace, the ore hearth shows but little variety 
in construction or manner of operating. The four early hand-operated forms, shown 



Fic. 20 Modern Aiuerinin ore hearfh. 

in the accompanying illustrations (Figs. 13 to 24), differ somewhat radicuilly from the 
mechanical furnace, the Newnam hearth, shown in Figs. 25 to 37. 

Scotch Ore Hearth . — Figures 13, 14 and 15 show a furnace used in Eln^land. The 
cast-iron box, a, set in brickwork measures 2 ft, (front to back) by 2J^ ft. (width). 
It is 1 ft. deep, and holds about 2 tons of lead. Work stone gf, an inclined plate, is 
cast in one piece with the hearth box. Groove h leads the overflowing lead to kettle i. 
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heated from fireplace j, the gases passing off through a flue into chimney 2. On either 
side of the hearth box is a cast-iron block n, and another iron block o is at the back. 
This back stone is perforated for the tuyere b, entering the furnace about 2 in. above 
the surface of the lead in the hearth, p is an upper back stone, or cast-iron block; the 
forestone tn is small. Brick shaft c carries off the fumes; at the back is a pit d, or dust 
chamber, cleaned through door e. On the side of the shaft is feed door fc, for introduc- 
ing fuel and removal of slag crusts at tuyeres. Charge is fed from the front. A 
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shutter / is in place at th(i front of the hearth, sliding in a frame r, it is raised and 
lowered by counterpoise «. 

Bituminous coal is used as fuel. After operating from 12 to 15 hr. the hearth 
becomes too lu)t and must be cooled for al)out 5 hr. before work can bo resumed. 

The Eogm, or Air-cooled Hearth . — Figures 16 and 17 .show an arrangement of ore 
hearth in '^nich the sides and back arc air cooled. The cast-iron jacket D has an air 
spac^e inside. Blast enters at Ey passes through leaves at F , and is delivered to 
tuy^fre G. This cools the walls of the hearth and preheats the blast. The Rossie 
hearth could be used continuously, but the hot blast caused excessive volatilization, 
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and this hearth was abandoned until recovery of fume became possible, when it 
was again brought into use. 

Original American Water-hack Ore Hearth, — Figures 18 and 19 show the wateiv 
cooled ore hearth, in which work is continuous, due tc the cooling of sides by water, 
which enters at and passes out at k. 

Modem American Water-back Ore Hearth, — In this furnace the cast-iron hearth 
box is supported by short columns in order to air-cool the lead; the upper sides are 
two water-cooled castings; the inside working length covers about 4 ft.; and two hoods 
are provided, an inner smaller for carrying off dust and the bulk of fume by means of 
a suction fan, and an outer for removing the remaining fume by natural draft. Such 
a furnace is shown in cross-section, in Fig. 20. 

Moffet Ore Hearth. — Figures 21 to 24 show the combined water- and air-cooled 
hearth, in double form, i.e., two hearths placed back to back, under one hood. A 
water box cools the hottest part of the furnace, and upon this rests the air box, con- 
sisting of two separate chambers where the heated blast passes down through the 
water box by means of fourteen 1-in. copper liiyc'^re pipes, seven on a side. 



Fio. 38. — Rabbling mechanism- -beginning of trip. 


These hand hearths have all given way to the Newnam mechanically rabbled fur- 
nace, shown in Figs. 26 to 39. Figures 25 and 26 give a front and side elevation; 
Figs. 27 and 28, horizontal and vertical sections of the lead basin; Figs. 29, 30, and 31, 
elevations and sections of middle water jacket; Figs. 32, 33, and 34, elevations of 
right and left end jackets and section of right end jacket; Figs. 35, 36, and 37, details 
of cast-iron stand supporting the lead basin; and Figs. 38 and 39, perspective views of 
the furnace with rabbling mechanism at beginning and end of trip. 

The basin of the Newnam hearth shown is 8 ft. long, 19.5 in. wide at top, 10 in. at 
bottom, and 10 in. deep. The furnace has twelve tuyeres. Lead discharges from 
basin through siphon tap, e (Fig. 27). The furnace is shown in perspective (Figs. 
38 and 39), because the full assembly of detail drawings would be unnecessarily 
voluminous. The rabbling machine is himg from an overhead traveling carriage. 
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This carriage starts from its position of rest at one end of the furnace, on the pulling of 
a lever, and during the trip to the other end the rabble arm is given a motion similar 
to that of the hand rabble. When the rabble arm is withdrawn from the fire, the 
carriage moves ahead 4 in. and starts the rabble on the next stroke. When the car- 
riage reaches the opposite end of the furnace (Fig. 39) it is stopped automatically, 
the rabble arm withdrawn, and the carriage returned to its original position. A 
1-h.p. motor is sufficient for driving the axles of the carriage and the rabble arm. 

The mode of operating with the Newnam mechanical hearth is the same as that 
in a hand-worked hearth, except that stirring is done by machinery. The first step 
in the normal working of an ore hearth is to spread a few shovclsful of coal over the 
fire, and then a thin layer of ore mixed with 0.5 to 1.0 per cent of lime. The fire is 
left undisturbed for a short time — 1 to min. — during which the charge is more or 

less oxidized, the flame breaks through, and the lire surface becomes (irusted. The 
rabble arm thrusts over the edge of the basin into the lead and raises and loosens the 
slightly caked mass. As the mechanical arm rabbles the charge, one man follows it, 
pushes back the loose charge with a shovel, and drags the gray slag onto the apron 



Fiq. 39. — Rabbling mechanism — (md of trip. 


plate. He is followed by a second man (charger), who transfers the gray slag to the 
water box, spreads a thin layer of ore onto the charge, and adds coke breeze as needed. 
By the time the trip to the end of the hearth has been covered, the ore first charged at 
the other end is ready to be rabbled. 

The charge is made up of either galena alone, or galena mixfKi wdth sintered bag- 
house fume. Slaked lime wjis formerly used as a flux; with the substitution of coke 
breeze for bituminous coal, the greater heat generated has permitted the use of 
limestone. Fuel used ranges from 3 to 8 per cent of the ore mixture. 

PYom the ore hearth the lead is collected in a pot, in which it is drossed. It is 
cleaned by liquating and poling, and is then cast into market bars, unless it is to be 
desilverized in the refinery. The yield in pig lead and the elimination of sulphur are 
greater in the Newnam than in the hand hearth, the work easier and more healthful, 
and the cost much less. 

Data from leading ore-hearth plants have been assembled (by Hof man) as follows: 





Examples of Smelting in the Ore Hearth 


LEAD 


901 


Materiala 

tit 

5 SSSSS32 SSSsSS^SS 

lime 

i 

2 5 

5.40 

* 

6 

1,000 

Wood 

^ • • • . • 

... .... 

Char- 

coal. 

bu. 

• 

27 6 
20 0? 

■ 

Peat 

bu. 


Coke, 


1,800 

1,680 

2,600 

2,000 

Bitu- 

minous 

coal, 

lb. 

n: s 3 . - s p 

• W ^ ’ 

Products 

Men 
in 24 
hr 

^ to to to to to to ^ to to to to to to 

Per cent 
lead 
direct 
from ore 

S 3 'SSSSS SSSSS8S8S 

r: s -ssss!:^ Ksssssissis 

Gray 
slag in 
24 hr., 
lb. 

602 

5,247 

2,000 

9.000 
4,200 

8.000 


7.389 

8,064 

6,720 

8,700 

2,240 

7,503 

1,464 

12,032 

7.200 

6.200 
24.400 
12,600 
33,000 

Ore in 
24 hr., 
lb 

9,988 

10,752 

18,000 

9.000 

6.000 

27.000 

14,000” 

21.000 

14,000” 

22,500 

21,000 

52,000^ 

28.000 

56,000? 

Furnace 

9 

1 

1 


d 

1 

1 

J 

3 

1 

7 

4 

10 

10 

8 

8 

16 

16 

1 

1 

'S 

c7 

1 

Air-jacket 

Cast-iron 
Cast-iron 
Cast-iron 
Cast-iron 
Water-jacket 
Water-jacket 
Water- and 
air-jacket 
Water-jacket 
.Air-jacket 
Air-jacket 
Air-jacket 
Water-jacket 
Wattf-jacket 
Water-jacket 
.Air-jacket 
Water-jacket 

m — 

JS 

1 

. . .... . 

<••1 oi «o ^ w o o ■ t- o o e o 

— ^ ^ 

Width 

S S S ^ S 1? S? ^ lo t-9 to So r ae 

Front 

to 

back 

. ■■.... 

S 2: 22222^2 

Date 

1842 

1S70 

1895 
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1916 
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Name 

Rossie Works, N. Y . . 

Held Head Mining Co., Eng- 
land 

l^adhiU & Warlock, Scotland 

Wcardale. England 

Wanlockhead, Scotland . 
Granby, Mo 

Hopewell, Mo 

Lone Elm, Mo 

Granby, Mo 

Galena, Kana 

Granby, Mo. 

Webb City, Mo 

Federal, lU. 

GoUinsville, III . 

Collinsville, III”” 

JopGn, Mo . 

Galetta, Ont ”” . . 


I 


■a 

I 

I 
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(a) Am J Se. dt Art*, 1S42, xm, 169; (b) Percy, “Lead," 278-283, (c) Sexton, Eng. Min J , 1895, ux, 175; {i) Middieton. Eng Min. J., 1905, t.T-rr lO; (e) CorrMpQiideDt, Can. Min. 

1912, xxxm, 678; (J) Williaiiis, ‘ Industrial Report,” p. 63; (s) Ibid , p. 65; (a) Dewey, Tr. A. I. M. E.^ 1889-90, xnn. p. 674; (i) Peridns, Eng. Min. 1907,xxxit, 388; Bodkefct. Min. Eng. 
WeHd, 1908. xnx. 917; (f) Bnnsmade, op. cil,. 1909, xxxi, 1029; Pulaifer, op. at , 1914, il, 450, 501; {k) Brown. Tr. A, 7. M. E., 1911, xui, 402; Fubifer, Min. Eng. World, 1914, xL. 450. 
501; (I) Ruhl, Min. Eng. World, 1910, xxxm. 1047; Wittich, Minn db MineraU, 1911, xxxi, 709; (m) Puhifer. Jfui. Eng. World, 1913, tttit , 375; 1914, xl, 450, 501; («) Pubifv, op. at.] 

1913, xxxix. 681; 1914, xl, 450, 501; (o)Newiam. Tr. A. I. M E., 1916, ut. 485; (p) Brinsmade. Min. Eng. WoHd, 190IK zzxi, 1029; («) Newnam. 1924, eomapoiuim. 
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Zinc-lead Sulphide Treatment by F. L. Bartlett Process. — There has been, 
during recent years, at Cafton City, and Florence, Colo., a unique semismelting 
procedure which joins the metallurgy of zinc and lead, but which is difficult to 
classify as either a blast-furnace, reverberatory, or hearth method. It has points 
in common with the hearth treatment of lead ores, with the collection of silver- 
bearing fumes by bag-house filtering, and with other pointi^ of lead smelting, 
although it resorts to matting rather than lead smelting for the extraction of 
precious metals. 

The ores treated are a mixture of silver- and gold-bearing sulphides of zinc, lead, 
copper, and iron, averaging, in the early days of the work at Florence, Colo., Zn, 20; 
Pb, 6; Cu, 1; S, 20 to 25 per cent; with Ag, 6to8oz.,per ton;andsome Au. Alow-shaft, 
water-jacketed blast furnace, 42 by 156 in. at tuyt^res, with a smelting column of 5 ft., 
high percentage of coke, was run with a hot top in order to volatilize as much metal 
as possible, the action being oxidizing rather than reducing. Furnace campaigns 
lasted 3 to 5 weeks. The slag carried Si02, 38; CaO, 22 to 25; ZnO, 7 per cent; the 
balance being mainly FeO; it ran low in Pb; contained about 0.2 per cent (^u; and was 
free of Ag. Matte fall was about 5 per cent. The fume (PbS 04 , ZnS 04 , and ZnO) 
contained all the Pb and Zn, and was caught in a bag house and shipped to Keokuk, 
Iowa, for electro-deposition of zinc after leaching with H 2 SO 4 . The insoluble PbS 04 
residue was srmdted for lead bullion. 

The heavy percentage of fuel required, cost of labor, and the continuous difficulties 
of furnace manipulation caused, finally, a change from blast-furnace to reverberatory 
smelting. The ore for reverberatory treatment was rough roasted in a Wedge kiln, 
and smelted in a coal-dust-fired reverberatory for matte, slag, and fume. The lead- 
zinc fume, caught in a bag house, has been reburned on Wethcrill grates to produce 
a low-grade leaded zinc oxide. The fume recovered in the first bag house is impure, 
and of dark color, and it must be reburnt on the Wetherill grates to purify it into a 
second bag-house product of first-grade market quality. 

This operation has ocimpied an interesting and unique place in zinc-lead metallurgy 
for many years, bi!t it has, for one reason and another, never been a permanently 
profitable procedure. Experiments have recently been under way with chloride- 
volatilizing method® designed to eliminate the lead from the ore charge, s® that a 
lead-free or low-lead zinc oxide might be obtained. The nature of the complex ores 
available in the district has been such that the leaded zinc oxide produced has been in 
the 2%o class, a grade that is the least profitable of the leaded zinc-pigment series. 

DESn VERIZATION AND REFINING OF LEAD BULLION 

General. — The lead obtained from the ores of certain non-argentiferous dis- 
tricts — notably Missouri, Wisconsin, and a part of that from Spain and 
Germany — is comparatively free from silver as well as from base metals, and can 
therefore, be used in manufacture practically as it leaves the smelting furnace, 
after a simple “poling” or blowing with steam, followed by dressing. All the 
lead produced in blast furnaces from complex ores, however, contains at least 
enough silver to pay for extraction, and impurities which must be removed from 
the lead before it is fit for the market. 

A desilverizing (refining) plant has for its task not only the separation of silver and 
the other precious metals (Au, I’t, P<i, and 'Fe) from load, but also the removal of the 
impurities C-u, Sn, Hi, As, Sb, S, Fc, Ni, ami C’o, and the consequent concentration of 
a bullion carrying 95 to 98 per cent lead to a refined lead of not less than 99.9 per cent 
lead. These impurities themselves must also be worked up into salable products. 
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The standard methods of desilverizing lead bullion arc four; rupellation, Pattinson 
process, Parkes process, and Betts electrolytic process. Cupellation has ceased to 
exist as an independent process, but follows the processes of Pattinson and Parkes as 
an auxiliary. It can be adopted alone, however, in spite of its high losses and labor 
cost, for the treatment of rich lead in inaccessible districts where silver is the valuable 
metal sought. Up to the introduction of the Pattinson process, all argentiferous lead 
was cupeled; but c4sts and metal losses are so high that a limit is soon reached where 
the separation of silver by cupellation is not economical. This limit is at about 30 to 
40 oz. silver to the ton of lead. Below this grade, the silver recovered will hardly pay 
for the labor, fuel, and material used, the loss in metjil, and the inferior grade of lead 
obtained from the subsequent reduction of the litharge produced in cupellation. It 
becomes necessary, then, to concentrate the silver into a smaller amount of lead before 
cupeling, and this is done by the PSttinson and the Parkes proc^esses. 

The process of desilverization must be preceded by a process of oxidation to remove 
the foreign-metal impurities in the furnace lead, this being called “softening," in 
America, and “improving" in England. Almost all the impurities in the furnace- 
lead interfere, to a greater or less degree, with desilverization by either Pattinson or 
Parkes processes. Generally speaking, the Parkes process requires a purer bullion 
than the Pattinson. 

Arsenic and antimony are the most troublesome impurities, interfering greatly, 
even when present in very small quantities. Next in order among harmful impurities 
come Sn, Zn, S, Fe, Ni, and Co. Fortunately, all of these have a greater affinity for 
oxygen than lead, and can, therefore, be removed by simple oxidation at a low red 
heat and a skimming of the molten bath. 

Copper has less affinity for oxygen than the other impurities mentioned and is only 
partially removed by oxidation. It docs foim, however, an alloy with part of the lead 
itself, which is less fusible than pure lead, and resort is had to this characteristic to 
accomplish its removal. 

Bismuth cannot be practically separated from lead by oxidation, as it has less 
affinity for oxygen than has lead itself. It does not interfere with desilverization, but it 
stays with the refined lead in the Parkes process, and renders thi8,Iead, when present, 
“non-corroding,” f.e., unfit for production of white-lead paint. Refined lead contain- 
ing over 0.05 per cent bismuth is not (dassed as corroding lead, because Bi gives white 
lead a grayish color. The prewmete of any considerable amount? of bismuth in lead 
bullion, therefore, determines the method of refining to V)e followed. There are two 
ways of removing it from lead; one is the Pattinson process, which, while not giving a 
perfect separation, is sufficient for practical purposes: the other, the Betts electrolytic 
I)roce8S, is completely effective, as bismuth is not deposited on the cathode, but 
remains in the anode mud. 

The many advantages that the Parkes process has over that of Pattinson have 
made it the preferred and most generally used desilvering process in American practice. 
The Parkes method is the cheaper (20 to 50 per cent); produces market lead lower in 
silver content (4 to 0 dwt. as against 9 to 15 dwt. by Pattinson) ; completely recovers 
even traces of gold; produces a lead for cupellation with 2,(K)0to 5,00(>oz. silver per ton 
as against 500 to 650 oz. by Pattinson; and shows much lower loss of lead and silver. 

A combination of Parkes and Pattinson processes is sometimes used when bullion 
is high in bismuth, the desilverizing being performed by means of the Parkes and the 
bismuth content of the desilverized lead being lowered by Pattinsoiiizing to 0.05 per 
cent, the dividing line between corroding and non-corroding lead. 

Softening and Refinixig. — The softening or “improving” of lead bullion as a 
preliminary to desilvering by either the Parkes or the Pattinson process is essential. 
It is partially accomplished in the dressing plants of lead blast-furnace smelteries 
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which, having no refinery on the premises, must ship their base bullion to distant 
points for desilvering. But the major part of the softening operation is 
accomplished in any case at the refinery proper. In the Parkes process, it 
has been shown by Kirchhoff^ that a decided saving in zinc consumption exists 
between the respective treatments of bullion which had been softened and bul- 
lion which had not been softened. For an unsoftened bullion containing 4.5 
per cent foreign metals — such as Cu, As, Sb, Bi, and Zn — 2.87 per cent zinc was 
required to desilverize the lead, whereas 1.75 percent zinc suflficed if softening had 
preceded desil verization ; the relative recoveries of market lead were 43 and 72 
per cent of the bullion charged. 

As the refining of the desilverized lead is conducted along the same lines and in 
apparatus of the same nature as the softening operation, refining and soften- 
ing will be discussed together, thus bringing refining somewhat in advance of its place 
in the cycle of the operations. 

Both the softening and the refining of lead may take place in cast-iron or steel 
kettles, or in reverberatory furnaces. If free from antimony and arsenic, and con- 
taining only small proportions of copper, bullion can be softened in kettles, but 
reverberatories are more commonly used, since they arc adapted to the treatment 
of more impure lead containing large quantities of cof)per, arsenic.,, and antimony. 
The great drawback of kettle refining is the wear and tear of the kettles, which, beside 
cracking, are corroded away at the surface of the metallic bath by lead antimoniate. 
The kettle method has given way to the more economical reverberatory furnace at 
almost every important point, apart from a few (lerman works. 

Softening has for its object the removal from the blast-furnace base bullion, of 
the impurities that interfere with desilverization, mainly, (’u, Sn, As, Sb, S. The 
operation consists of two stages, licpiation (or dressing), and oxidation. By liquation, 
metals held in solution by the furnace lead are separated from the lead by slow melting 
at a low temperature. By oxidation, which later occurs when the temperature is 
raised to a bright red with access of air, metals alloyed with the lead are converted 
into oxides which are to some extent volatilized, but which mostly combine with 
the PbO formed at the same time and are slagged off. 

In the first stoit, the bullion is slowly melted at 370 to 380°C., and there rises 
to the surface a dross consisting principally of Cu, S, As, Pb. In the second step, when 
the temperature has been raised to a good red heat the three principal impurities 
alloyed with the lead arc oxidized in the order: first Sn, then As, and lastly Sb. The 
surface of the bullion becomes coated with dark-yellow, powdery ‘‘tin skimming,’' 
mainly antimoniate and stannate of lead and antimoniate of tin. As soon as the tin 
skimming has been removed, the lead begins to giye off fumes of arsenic and antimony, 
and arseniate and antimoniate of lead begin to form. These are drawn off together 
as an “antimony skimming,” after the furnace has been cooled sufficiently to cause 
the skimn\ing to solidify. The last traces of antimony come out with difficulty, and 
to hasten the process rich litharge from the finishing cupels can be stirred into the bath 
eflficaciously. 

Jets of steam have sometimes been introduced through perforated pipes, to stir 
the bullion and to hasten the oxidation, but the wave motion set up on the surface of 
the bath has the bad effect of corroding the walls at the lead line. Before the antimony 
has been removed, a sample of the bullion will “work,” i.c., it will show small, greasy, 
particles of revolving black skimming on the surface of the lead. As the softening 
approaches and reaches the end point, these globules disappear, and a thin yellow 
litharge forms. 

1 Mtt. Rev. (1877-1878) I, 224. 
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Figs. 40-43. — 60-ton softening furnace. 
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Figs. 48—51. — 300-ton softening and refining furnace. 
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The furnaces used for both softening and refining, in American practice, are shown 
in Figs. 40 to 43 (60-ton softening furnace, Selby Works, Cal.) and Figs. 44 to 51 (3Q0- 
ton softening and refining furnace, International Lead Refinery, Chicago. 

The general construction of the reverberatory used for refining is the same as that 
for softening. It was formerly customary to build the refining furnace smaller than 
the softening, in order that it might correspond to the smaller amount of final lead to 
be treated, but of late it has been more common to give both furnaces the same overall 
dimensions, making the hearth of the refining unit slightly shallower. 

It is common practice carefully to dross base bullion at the blast furnace itself, 
In a kettle, before casting it into bars for transfer to the refinery. When this has been 
done, and the base bullion contains about 1 per cent of impurity, the mode of operating 
the softening furnace can be regulated so that the entire time required for charging, 
softening, and tapping does not exceed 24 hr. Wfth bullion overly high in antimony, 
it is sometimes not possible to do the work in 24 hr. 

The fuel consumed in softening ranges from 2 to 12 per cent, and averages 5 per 
cent, of soft coal, by weight, of the market lead pro<luced. Fuel oil is, in some locali- 
ties, considerably more economical. After the softening operation, the bullion goes to 
whichever desilvering process is provided — Parkes or Pattinson — and the desilverized 
lead must then pass on to its refining treatment, for the removal of the 0.6 to 0.7 per 
cent zinc which it contains (from the Parkes pro(^ess) as well as the small amounts of 
arsenic and antimony which may not have been entirely removed during the softening 
or that were introduced with the zinc used in desilverizing (usually Prime Western 
spelter with 1.5 per cent lead and 0.00 per cent iron). If the desilvering has been by 
means of the Pattinson process, refining is sometimes necessary to remove the arsenic 
luid antimony retained in the cVystallized poor lead. It is, in general, more feasible 
to conduct the refining operation in steel or iron kettles than it is to soften in this form 
of apparatus. Whenever the work in the softening furnace has been very thoroughly 
done, the lead, after desilverization, is practically free from antimony, but contains 
zinc. If the Parkes process has been used, it is antimony, and not zinc which brings 
about the greatest destruction of kettles. 

The mode of operating the refining furnace is similar to that in the softening furnace, 
except that a higher temperature is necessary. The last traces of antimony, when the 
bullion has not betui thoroughly softened previously, are difficult to remove in refining, 
and sometimes threfe heatings and skimmings are required, taking about 12 lir. total 
time, before all zinc an<l antimony are oxidized and removed. A lead containing 0.6 
per cent zinc and 0.3 per cent antimony will yield as much as 5 per cent of skimmings 
containing about 90 per cent lead. 

In order to hasten the operation, steam is used; in addition to the mechanical 
effect of stirring it acts chemically, being decomposed by the zinc at 900 to 1000°(^. 
It is true that the wear and tear on refining fufuaces from the use of steam is even 
heavier than on softening furnaces, due to the higher temperature that prevails, but its 
advantages warrant its use. 

The time required for refining, without the use of steam, ranges from 10 to 15 hr, 
with five or six steam jets in play. 

Harris Process. — A new and radically different method of softening, is the 
Harris process, now in use at refining plants in Europe, a secondary-metal plant 
in New Jersey, and under construction at several other i3oints in Europe and 
America, and one in North Africa. This process is also applicable to the refining, 
or dezincing of desilverized lead. It thus both precedes and follows the standard 
desilverizing operation by either the Parkes or the Pattinson process. 
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This process is designed to accomplish the removal of such impurities as arsenic, 
antimony, and tin from base bullion or any other metallic-lead material, and the 
removal of the zinc from desilverized lead. 

This is done by bringing about an intimate contact between the metal, at a tem- 
perature not greatly in excess of its melting point, and molten caustic alkali (soda) and 
alkali chloride. A clean separation takes place, thereby, of tiie lead from its impuri- 
ties — arsenic, antimony, tin and zinc, which are quantitatively collected in the form of 
their oxides or oxysalts suspended in, or otherwise associated with, the chemicals. 
The latter are treated by a wet process for the recovery of the contained reagent and of 
the oxides and oxysalts derived from the impurities removed from the lead. 

The circuit of the wet process is closed and complete, rendering a recuperation of 
95 per cent of the free chemicals possible, which, in turn, are used again in the process 
for the refining of lead. The impurities are also completely and separately recovered 
and are free from either lead or other impurities. Arsenic and zinc (the latter from 
desilverized lead) are directly obtained in salable form, the fo mer as calcium arsenate, 
the latter as zinc oxide, while the recovered antimony and tin compounds can readily 
be reduced to metal. 

The essential feature of the Harris process, therefore, is that, by its application 
to the refining of lead and its alloys, a clean separation of the constituents is made 
possible, each of them being recovered completely and in marketable form. The 
operation is all performed in, and above, the regular refinery kettles, without furnaces — 
the pumping apparatus and chemical tre^atment tank being a portable unit which 
is swung onto the top of the kettle, and removed when purification is complete. 

Another recent innovation in softening procedure is the Colcord process, which 
removes copper and ars(‘ni(‘ from the buIlio*i as the first operation in refining. Sulphur 
is stirred into the metal with a Howard stirrer, at a temperature (about 600 to 650®F.) 
sufficient to cuust* the sulphur to unite with the copper. Temperature is then raised 
(to about 700®F.) until the copper sulphide readily separates as a dross. The next 
step in the process is to add caustic soda to the metal, raise the temperature to between 
900 and 1000“ and thoroughly stir tin* caustic soda into the metal, using a Howard 
stirrer, air jets, or other mechanical means. The arsenic content of the metal can be 
re luced to any desired (juantity by fractional additions of caustic. The so<lium arse- 
nate i^ the caustic skim is suitalde for manufacture of insectiej^os by leaching with 
water. The leached residue, containing lead and a little antimony, can be readily 
treated. 

Molding of Refined Lead. — The refined lead was formerly ladled by hand 
from the kettle into molds placed in front of it. This operation is now performed 
by mechanical devices. The refined lead is run into molds either directly from 
the reverberatory or kettle in which the zinc and antimony had been removed 
from the desilverized lead, or, as is more common practice with plants having 
large units, the refined lead is tapped into a storage reverberatory furnace or a 
market kettle, from which it is run into molds. The storage reverberatory is of 
the same capacity as the refining furnace, and its general construction similar, 
except that it is not water jacketed. 

The lead is usually run from the furnace through a pipe, provided with regulating 
cock, into a cast-iron trough which tilts on trunnions. The side of the trough has a 
number of 1-in. spouts, through which the lead flows into the molds when the trough is 
tilted by means of an air lift. The molds in the older forms of casting machines — 
similar to the Walker machine for copper casting — are carried by an endless link- 
chain conveyor which travels in a horizontal direction in front of the trough. The 
conveyor travels up an incline beyond the trough, whereupon automatic trimming ahd 




Fio. 52. — Five pigs just being lifted by Newnam pig-pulling and stacking machine. 
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stamping of the lot number is accomplished. Bars are cooled, during travel, by water 
sprays from below. Arriving at the top of the incline, they drop off, one after another, 
onto a truck. In molding five or six bjirs at a time in this way, the trough travels with 
the conveyor while pouring, and is arranged with mechanism which returns it to its 
original position at twice the normal speed. The rate of molding by this method is 
35 tons per hour. 

Another methfid of molding is by means of the Miller casting machine, a vortical 
iron wheel with molds and periphery water-jacketed, which handles 12.4 tons lead per 
hour, with three men. 

The latest improvement in the molding and loading of pig lead is the Newnam 
system, a horizontal -wheel type of machine which handles 40 tons per hour with four 
men. In this device the pigs are at no time touched by hand. The molds are 
arranged in sets of five parallel pigs, forming practically a square, and five pigs are 
poured at a time. As the wheel revolves, the pigs are cooled and pass under an 
automatic stamping machine. They then encounter a pig-i)iilling and stacking 
machine which lifts the pigs out of the molds in sets of five and places them in a stack 
of thirty-fiv(i, weighing approximately 3,200 lb. The stack is picked up by an electric 
truck, which, after passing over scales, places it in a railroad car. This system is 
becoming popular (1023) because it takes a minimum amount of space and labor, 
and can be installed in any plant which has the old-fashioned method of molding from 
a central kettle by a radial trough through a half carcle, which takes six or seven men 
to do the work. 


A typical American and a typical Australian (Parkes process) market lead, of 
corroding quality, analyze' • 



Anu'ricaii 

2 \ustralian 

Ak 

0 00 10 

0.0012 

Bi 

0 0300 


Sn . . 

0 0(<tl4 


As. 

0 0024 


Ni. • . 

0 0«)1 


Fc 

0 0027 


Zn. 

0 0003 

0.0010 

Mn . . 

0 0008 


Insoluble 

0.0040 


CM. 

Trace 


Sb 

None 

0 0060 

Co 

None 


Cu. 

None 

0 0001 

Pb (by difference) 

09 9579/ 

99 9917 


The Parkes Process.™ This method of separating silver from base bullion is 
based on two facts — (1) the greater affinity of silver for zinc than for lead; and 
(2) the insolubility of zinosilver alloys in lead whirli is already saturated with 
zinc. The process consists, in brief, of stirring 1 to 2 |K^r c(*nt of zinc into a bath 
of molten lead, heated to above the melting jxnnt of zinc (415®(i) and allowing it 
to cof)l, when a crust rises to the surface containing nearly all the silver. A 
repetition of the zinc addition, in smaller quantity, gives another, lower, silver 
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crust, and leaves a molten lead which is practically free from silver, containing 
usually not more than 6 dwt. per ton. 

The zinc crusts, which contain considerable lead beside the zinc and precious 
metals, are distilled in retorts for the recovery of zinc and to obtain an enriched retort 
bullion which is cupeled for dor6 silver, with litharge as a product. A flow sheet of 
the process is shown, giving this brief outline in greater detail. ‘ 

In addition to combining with silver, zinc has an affinity for ottfer metals present, 
notably gold and copper, with both of which it combines before taking up silver. 
Gold is entirely extracted by the first zincing, and copper enters the zinc crust almost 
as readily as gold, though not quite so completely. It is found that a gold-copper-zinc 



Fig. 64. — Newnam lead truck entering car. 


crust is formed, containing all but the minutest trace of the gold present, long before 
the lead itself l)egins to take up zinc, the gold-zinc and copper-zinc alloys being 
apparently almost insoluble in zinc-free lead. It is impossible, in the matter of silver, 
however, to prtxluce a crust without first saturating the lead with zinc. 

Bismuth does not interfere at all with the dcsilverizatioii, but antimony in amounts 
as small as 0. 1 per cent, as well as arsenic in even smaller proportion, not only retards 
the rising of the crusts but actually prevents a clean separation from the underlying 
lead. If the work lead (softened base bullion) contains upwards of 0.1 per cent 
antimony or 0.06 per cent arsenic, it is difficult to turn out, with only three zincings, 
market lead of only 6-dwt. silver. 

The importance of thorough softening is apparent. Arsenic is, fortunately, much 
more readily oxidized than antimony, so that it is completely removable by an 8- 
1 Hofman, H. O., Metallurgy of Lead/’ p. 508, 1918. 
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or lO-hr. softening, and the critical point becomes one of antimony removal. Copper 
is readily removed by repeated dressing in the softening operation. If this 
has not been thoroughly accomplished, an excessive amount of copper-zinc crust is 
formed in the desilverization before any silver can be extracted. Nickel and cobalt 



have a tendency to enter the zinc crust like copper, but both these metals are readily 
removable in the dressing operation. 

In ordinary zinc desilverization, there are present, in varying amounts, beside 
Ag, the metals Au, Cu, Pt, Pd, Te, Bi, As, Sb, Sn, Ni and Co in the base bullion and 
Cd and Fe in the spelter. Of these, Ag, Au, Cu, and Te readily enter the zinc criist. 
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The others do so only to a slif^Iit degrtM*; ilioy iiiierferi!, more or less, however, witli the 
work the zinc, luis to do. 

The (]umitity of ziiie iioc^essary to aeeoniplisli desilverization depends, of course, 
on the purity of the lead and the amount of silver present. If the load is practically 
pure, it will hold in solution between O.ft and 0.8 per cent zinc, at about 400°C. This 
quantity has to bti added to the kettle as a constant, before the lea^d will give up any 
of its silver. 'I'hercafter, the quantity of zinc required for combining with silver 
must be provided on a basis of AgaZns. It is found, in practice, that it is not possible 


I 

.1 


I 



to desilverize high-grade lead bullion by a single addition of zinc. If no gold crust is 
made, it is fairly uniform practice to desilverize by means of two additions of zinc. 
The aim is to concentrate as much silver (and all the gold) as possible into the first 
crust, which, assaying over 2,()()0 oz. of silver per ton, goes to the retorts. In the second 
zincing, an excess of zinc over that required for the amount of silver present is used; 
this is necessary if the silver is to be thoroughly removed from the lead. The result- 
ing crust is unsaturated and is used to take the place of part of the fresh zinc needed 
in the subsequent first zincing. This second crust assays about 10 to 30 oz. of silver 
per ton. 
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The gold is taken out with the silver, the dor^-silver crust retorted, the retort 
bullion cupeled, and the dor6 silver parted either with H 2 SO 4 , or electrolytically. 
The making of a separate gold crust is not economical, or usual, in the United States, 
as it takes time, and requires separate storing and handling of two classes of products, 
and because the lead bullion retains small amounts of gold in spite of the greatest care 
given to the gold-crust operation. 

The cast-iron tor steel kettles used for desilverization were restricted to 40 tons 
capacity when the zinc stirring was done by hand. With mechanical stirring (Howard 
stirrer, Figs. 59 to 61), kettles have increased in size to hold 60 and 100 tons softened 
bullion. An 80-ton oil-ftred oval desilverizing kettle is shown in Figs. 56 to 58. 



PUN VIgW, ENGINE REMOVED 



SECTIONAL El£.yATlQN ELEVATION 


Fios. .59-61 - Howard .stirror. 

For freeing the zinc crusts from adhering lead, tlie How^ard press has come into 
general use, replacing the liquating kettles or reverberatory furnaces that were for- 
merely used for the purpose. This press consists of a steel frame suspended from an 
overhead crane, which (tarries near the upper end an air or steam cylinder with a 12-in. 
stroke piston, and at the bottom a heavy perforated tilting plate. The plunger of 
the piston has projecting teeth on its lower side. This movable portion is held in 
position by flanges gliding on a vortical member of the frame. When filled with 
crust, the frame is raised to bring th<* bottom plate just above the surfaee of the lead, 
and the plunger is forced dowuiward to scpieeze out, fit .a firessure of fK) lb. per square 
inch, the excess lead from the crust, flowing through the fierforiitions back into the 
kettlt‘. The whole apparatus is then swung to one side, the bottom plate carrying 
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the pressed crust is lowered and tilted, and the crust dumped. This ingenious 
device, shown in Figs. 62, 63, has revolutionized the handling of zinc crusts; it also 
finds use in removing lead from drosses skimmed from lead which has been melted 
in a kettle. 

The desilvering operation proceeds as follows: When the softened base bullion in 
the kettle has been drossed and brought to about 482°C., cakes of crust from the pre- 
ceding second zincing are charged, and sufficient new zinc also added. In some works 
the floor zinc is charged first into the empty kettle, melted, and then the fresh spelter 
added; and then, only, the bullion tapped into the kettle from the softening furnace; 
and the whole stirred for 20 to 30 min. In any case the crust and spelter must be 
incorporated in the bullion and the zinc brought into intimate contact with the pre- 
cious metals and copper, by thorough stirring. In some plants a shoveful of sal- 



Fio 8. (i2-(i3. — Howard press. 


ammoniac is thrown into the kettle before stirring — about 1 lb. to 10 tons of lead— for 
the purpose of keeping the tools clean and counteracting the oxidation of crusts. 
Hand and steam stirring have given way, generally, to the Howard stirring machine, 
a vertical shaft with four propeller blades ivhich revolve at 110 r.p.m. in a sheet-iron 
cone suspended, from rods, into the bullion. The metal within the cone is forced out 
at the bottom, wdth constant replenishment at the top. On reversal of the engine the 
flow of metal is in opposite direction. Air can be almost completely excluded and 
oxidation of zinc and lead minimized 

After, say, 30 min. stirring, the first crust is taken and pressed hot in the Howard 
press, in 1 M to 2 hr. The sc^cond addition of zinc is then made and stirred in with the 
Howard machine. The two zincings usually require, for a 60-tou kettle, about 8 hr. 
for completion. The first crust is skimmed without lowering the temperature of the 
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Treatment of Zinc Crusts. — Many iDothods have been tried for workiiiR up 
the zinc crusts: distiJlation, smelting, ciiix?llation, alkali-chloride fusion, steam 
oxidation, ammonium carbonatci leaching, but only one has survived, the dis- 
tillation of the zinc from the crust in a coke- or oil-fired retorting furnace. An 
oil-fired furnace is shown in Figs. 64 to 69. This subject is treated in extenso on 
pp. 925 and 928. , 

Treatment of Intermediary Products. — Refineries tend to accumulate a large 
assortment of by-products which must be worked up into marketable products 
currently with the major operations, or else the plant becomes badly clogged with 
odds and ends. These intermediary products are of the following nature and 
disposal : 

1. Softening-furnax:e Droas and Skimming. — T^he drosses from the softening fur- 
nace are usually not of great amount, since the lead bullion has been largely freed 
from dross at the smeltery. The drosses from the softener are, therefore, not 
kept separate from the skimming. Where the dross is treated by itself, the pro- 
cedure is a simple liquation in a small reverberatory. The furnace is charged and 
heated until the lead that liquates out of the dross forms a bath, on which the dry 
dross floats. When sufficient dry dross has accumulated, it is pulled out through 
the furnace door. The temperature is always low, so that no dross is again 
melted into the lead. The dry dross recovered is smelted in the blast furnace; 
the lead goes to tluj softening furnace. 

The treatment of antimony skimming is an important process; it is from this 
by-product that hard lead (antimonial lead) is obtained. This skimming is smelted 
in a reverl)eratory furnace with the addition of high-grade galena or of stibnite. The 
metallic lead reduced from the skimming by these sulphides and fine coal spread over 
the charge, collects on the l)ottom of the hearth, and contains all the precious metal 
of the skimming. This lead, carrying about 1.5 to 4 per cent antimony, goes to the 
softening furnace. The matte produced (carrying Chi, Pb, Sb, and S) is treated by 
concentration smelting. The liquated or refined skimming, now carrying 15 to 20 
per cent antimony, some As and Cu, and about 1 oz. of Ag per t-on, goes to a 
special blast furnace^' reserved for producing hard lead, in which it is smelted with 
approximately 100 per cent slag and 1 1 per cent coke, with a slag not overly ferrugi- 
nous, so that speiss will not Ix' formed in great amount. In order to keep down the 
loss of antimony by volatilization, galena is added to the charge, its sulphur acting as 
a reducing agent. Only enough is added so that no matte is formed, say from 13 to 
28 per cent of the weight of the skimming. This addition of galena reduces the tenor 
of antimony in the resulting hard lead, but the latter is of good marketable grade if 
it carries 15 to 18 per cent antimony. Antimony ore — either sulphide or oxide — is 
sometimes also added to the blast-furnace charge. The hard lead finally obtained is 
usually poled in a kettle, or liquated in a reverberatory furnace, in oriler to remove, 
by dressing, the copper that had remaimid in the skimming from the softener and 
been reduced into the hard lead. The dross frona liquating hard lead sometimes shows 
a copper content as high as 40 per cent, usually about 10 per cent. 

2. Kettle Dros^s. — (kmsisting usually of lead oxides mixed with metallic lead, is 
returned to the softening furnace. 

3. Refining Shhnrnings and Polings. — These (mrry considerable zinc (8 to 10 per 
cent), some antimony, and about 75 per cent lead. These refining skimmings are 
sometimes charged into the softening furnace, after its dross has been removed, in 
order to assist in the oxidation of arsenic and antimony. But they are best treated 
in a special reverberatory, or in the same reverberatory that is used for liquating 



LEAD 


91d 


hard lead. If the latter reverberatory be utilized the lead resulting from the refining 
skimming will be high in copper, but if a separate reverberatory be used, corroding 
lead can be produced. The procedure in treating these refining skimmings is to mix 
the skimming with about 10 per cent of fine coal, and heat until no more lead flows 
from the charge. The residue contains Pb, Zn, Sb, As, and coal ashes, and is added 
to the smelting charge of liquated softener skimming for the hard lead blast furnace. 

4. Rich Lead, High in silver, goes to the cupeling furnace. 

5. Metallic zinc, containing a few ounces of silver, is used in dosilvering, forming 
part of the zinc additions. 

6. Retort Dross . — This is high in silver and is disposed of in one of two ways. 
In large refineries, where the retort bullion with its floating dross is poured into an 
operating cupeling furnace from the pot which has received it from the retort, the 
silver is, of course, recovered witlf the silver of the rich lead. In smaller plants, this 
retort dross is worked off, a little at a time, in the regular cupeling, or in some cases 
it is charged back into the retort itself. Accumulations of this dross are sometimes 
worked off on the bath of lead, low in silver, with which a new tost, i.e., removable 
bone-ash hearth of the cupeling furnace, is usually charged. 8ometime8 the retort 
dross is added to the softening furnac*^ after the latter’s dross has been removed. This 
permits the silver of the retort dro.ss to be taken up by the lead, and the impurities 
oxidized into the skimmings. 

7. Blue Powder . — This is a mixture of metallic zinc and zinc oxide, with about 5 oz. 
of silver per ton, and is an awkward product for disposal, as it yields only some 50 
per ceid of its zinc on distillation bv itself. At some plants it is returned to 
the retort with the next charge of zinc (Tust; at other plants it is added with the first 
zinc to tlie dcsilvering ketth^, where it serves to saturate the lead with zinc, and to 
assist in the removal of gold and copper. It is, at still other plants, disposed of by 
sale to outside zinc works, or (converted into hthopone. 

8. Litharge. -This is reduced in a reverberatory preferably, but is sometimes sent 
to the lead blast furnace. 

9. Old Retorts and Cupel Bottoms. — I'hese are added to the charg(JH for the lead 
bla.st furnace. 

P^kes Plant Layout. — The flow sheet of a typical, efficiently arranged 
refinery using the Parkes process with a small Pattinsoii division, built for a 
monthly capacity of 5,000 tons of lead bullion, is shown in Figs. 55 and 70. 

The Pattinson Process. — This method of desilvering lead is based upon the 
fact that when molten, low-grade, silver-bearing lead is cooled to its freezing 
point, crystals of lead separate out which are much poorer in silver than the still 
liquid original lead. If these crystals are removcjd and the procedure repeated, 
always adding fresh lead of same tenor in silver, th(' bulk of the original bullion 
can be obtained in the form of market lead low in silver, leaving the balance in 
the form of an enriched lead ready for cupellation. By the repeated meltings 
and crystallizations involved, many of the impurities w’ill be oxidized and col- 
lected in drosses, and the market lead correspondingly purified. A point will be 
reached eventually, beyond which the enrichment of the liquid lead cannot be 
carried. The process stops automatically, in practice, when the silver contents of 
the liquid lead reach 450 to 500 oz. of silver per ton; this material then going to 
the cupels. 

Gold follows the silver. Of the ba.s(; metals commonly found in lead liullion, 
8b, Ni, and Bi are also concentrated in the liquid leiwl; As in the crystals; Cu, whi<,!h 




Fig. 70. — Parkes-Pattinson plant, cross section. 
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has not been removed in the softening furnace, or by dressing, remains equally dis- 
tributed between the liquid and crystal lead. 

The process may he conducted in one of two standard systems, the method by 
thirds or the method by eighths. In the first, and more common method, two-thirds 
of the lead in the kettle is withdrawn in the form of crystals, one-third remaining as 
richer liquid lead. The crystals in this case will be about half as rich in silver, and 
the liquid lead al^out twice as rich as the original bullion. In the second system, 
seven-eighths is taken out as crystals, one-eighth remaining liquid, and the silver in 
crystals will be about one-third as rich, and in the liquid lead about six times as rich 
as the original bullion. 

The original hand-labor Pattinson process was, until recently, in use in Elngland, 
and Germany. Machinery has (^een introduced to reduce the labor of withdrawing 
crystals and ladling out the liquid lead, the two principal mechanical modifications 
of the original process being the Luce-Rozan and the Tredinnick. In both, the metal 
is stirred by steam and the liqiud draw’n off, leaving the crystals in the kettle. 

The procedure of the original process, using the method by thirds, is as follows: 
The kettles, varying in number from eight to fifteen according to the richness of the 
bullion, are arranged in a row, the position of the charging pot, or kettle in which the 
work lead is first melted down, varying in accordance with the proportion of silver in 
the load. The pots being numbered in sfjries, from the market lead end upwards, 
the charging pot may be, in, say, a series of twelve pots, anywhere between No. 6 
and No. 10. 

The melted bullion in the charging pot is poled and drossed, and the fire withdrawn 
and transferred to the next pot, in the melting stage. Crusts forming at the sides 
of the pot are pushed down into the lead to be remelted, and the bath is continuously 
stirred in order to insure uniform cooling throughout. As crystals form, they are 
lifted, drained, and transferred, when dry, into a neighboring pot, usually “down the 
house,” to the right. This continues until two-thirds of the contents of the charging 
pot have been removed, when the remaining one-third of still liquid lead is ladled into 
the adjoining pot, “up the house,” to the left. If there is then on hand, from previous 
operations, load equal in silver contents with that in these twf) right and left pots, 
respectively, an exactly similar operation is commenced with each of these simul- 
tanec^sly. The charging pot thus becomes filled from the crys^ls of the kettle at its 
left and the liquid lead of the kettle at its right. In this same manner the operations 
are continued, the kettles “down the house” decreasing in silver tenor and the kettles 
“up the house” increasing, until the silver content of the lead in the market kettle at 
the extreme right is 0.3 to 0.5 oz. per ton, and that of the liquid lead at the extreme 
left is at the maximum, of about 500 oz. Before the whole plant can be in working 
order quite a number of crystallizations must be performed in order to have on hand 
the necessary amounts of lead of different silver contents required to fill the several 
kettles. 

The Luce-Rozan Method. — In this modification of the Pattinson process, steam 
is used for stirring, and the apparatus and the arrangement of plant are of radi- 
cally different nature. The plant is shown in Figs. 71, 72, and 73, and consists of 
two melting pans a, one crystallizing kettle 5, and two large conical molds (Fig. 
75), instead of the long line of some twelve kettles of the original Pattinson arrange- 
ment. The two cast-iron melting pans, used alternately, each holding 7 tons 
of lead, can be raised by means of a steam crane, so as to pour their contents into 
the crystallizer, which holds 20 tons. 

The mode of working is as follows: The bullion is melted down in one of the melting 
pans, drossed, and run into the previously heated crystallizing kettles by raising the 
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back end of the pan. In the crystallizer it is stirred by steam at 45-lb. pressure, 
cooled by withdrawal of fire and by water sprays, and two-thirds of the contents 
become crystallized. The still liquid lead is then run into the conical molds from the 
crystallizer, and the fire under the latter replaced and the crystals tons) rcmelted. 



Fig. 72. — Luco-Rozan plant. 


In the meantime, 6^ tons more lead, with the same silver contents as that in the 
crystallizer, have been melted down in one of the pans, so that, os soon as the crystals 
have been remelted, it can be run in and a new operation begun. The other melting 
pan contains lead equal in silver content to the crystals which it is expected will be 
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produced from the next operation, and this second pan is being melted down in readi- 
ness for the next following crystallization. 

Eleven crystallizations are necessary to obtain market lead from lead bullion aver- 
aging 146 oz. of silver per ton. Six charges arc run in 24 hr. Two men per shift 
attend to the crystallization, all lead handling being done by a crane man and helper. 
As in the hand Pattinson process, a number of preliminary crystallizations — sixty-six 
at Pribram, Czechoslovakia — must take place to furnish the necessary intermediary 
grades of lead for normal work. 

Products of the process (from above bullion) arc rich lead of about 262 oz. of silver 
per ton, desilverized lead of about 0.43 oz. per ton, dross, and flue dust. The rich 
lead is cupeled, the desilverized lead is refined in a reverberatory furnace to remove 
arsenic and antimony and thcui moIdt‘d into market bars, and the dross and dust are 
worked up with similar by-products from other parts of the works. A curious by- 
product sometimes encountered in the steam Pattinson proe.ess, is a small incrus- 
tation of minium — red lead — which forms in the crystallizer, produced by the action 
of steam on the lead at a temperature just l)elow redness. 


SECTION ON TKEUNCQH. SECTION ON THE LINE J 



Fig. 73.- Luce-Rozaii phuil. 


The Luce-Rozan method runs into greater plant cost and main tijiiai ice than the 
original Pattinson, but its advantages more than offset these items. Softening of the 
load bullion is not so imperative; the cost of labor is only 30 per cent, and of fuel 40 
jier cent, of the Pattinson cost; and only about one-third of the amount of drosses 
obtained in the Pattinson cycle is produced in the Luce-Rozan. 

Tredinnick Method. — This modification of the Patti nsonizing process is in 
part a combination of the original Pattinson and the Luce-Rozan processes. It 
has a crystallizer for each grad(^ of lead, as has the Pattinson; it stirs with steam 
and drains off the liquid lead instead of transferring the crystal portion, as does 
the Luce-Rozan : The iwiiit of improvement consists in the use of 50-ton crystal- 
lizing kettles, twelve in number for 3(X)-oz. bullion, each of which is mounted on a 
hydraulic ram so that it can be raised at will and the liquid lead run out into the 
adjoining kettle. Heating by gas is carried out by means of a brick-lined jacket 
round the kettle. Each (Tystallizer has two outlets, that on the left for running 
out the liquid lead being a double orifice, with a strain(;r to hold back the crystals, 
while that on the right ijcnnits the free running out of crystals after they are 
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remelted. The cycle of operations is much the same as in the original hand- 
Pattinson process. 

The Tredinniek-Newnam apparatus for this method, used at Omaha, Neb., 
is shown in Figs. 76, 77, and 78. This installation was built for the purpose of 
recovering bismuth frojm lead which had been desilverized by the Parkes process. 
The Tredinnick process is not, at the present time, in use for desilverizing. 

Thum Process.— It has been proposed, although the process is not in use, to 
transfer the content of stationary Pattinson kettles from one to another by means 
of compressed air through pipes heated by electric-resistance coils wound about 
them. 

Comparison of Pattinson Processes. — The comparative performance of the 
three methods is about as follows, in point of dispatch : With the original Pattinson 
process using 10- to 15-ton pots only three or four operations are accomplished in 
12 hr.; with the Luce-Rozan process, using 50-ton kettles, five operations may be 
performed per kettle in 12 hr.; with the Tredinnick process, using 50-ton kettles, 
about twelve to sixteen operations can be performed in an 8-hr. shift. 

Cupellation. — The rich leads from the Pattinson process, containing 250 to 600 
02 . of silver per ton, and the Parkes, containing 2,000 to 5,000 oz., are finally 
treated by cupellation for the separation of the precious metals. This process 
consists essentially of melting the rich lead in a reverberatory furnace, and expos- 
ing it to a blast of air, by which the lead and the base metals are oxidized and 
slagged off in the form of litharge of var 3 dng degrees of purity, while the silver, 
having scarcely any affinity for oxygen, remains behind in metallic state. The 
oxidation is accomplished mainly by the action of the air blast, and partly by 
the action of the molten litharge, which absorbs an excess of oxygen and gives it 
off to the underlying impurities Cu, As, IM, Ag, and Au. The cupellation of 
gold-silver-lead and parting of dor^ bullion are discussed elsewhere in this volume. 
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TREATMENT OF ELECTROLYTIC SLIMES AND ZINC CRUST 

By Walter C. Smith^ 

Scope of Section. — In this section will be given the treatment of electrolytic 
slimes, zinc crusts, and other highly argentiferous and auriferous by-prod- 
uct material. 

The zinc crusts produced in the Parkes process of lead desilverizing are 
liquated in some form of liquation apparatus for the removal of the excess lead 
contained in the crusts. Three methods of liquation have been used: liquation 
in kettles; liquation in reverberatory furnaces; and pressing of the crusts in a 
Howard alloy press.® The last method has replaced the other two. 

The pressed zinc crusts are broken into small pieces while still hot, and are usually 
treated by distillation for the removal and recovery of the zinc in the manner originated 
by Parkes. Many other methods for the treatment of zinc crusts have been tried, 
but the distillation method is the only one iii extensive use today. The other methods 
may be listed as follows: smelting of the crusts in a blast turnace; direct cupcllation of 
the crusts: fusion of the crusts with alkali chlorides; and their treatment with steam 
for the oxidation of the zinc and some of the lead, which process yields a rich lead for 
cupcllation. All these methods have a common fault which is not possessed by the 
Parkes method, namely, the zinc is not recovered. 

The process has been improved upon from time to time l)ut, iif general, is the same 
as that used by Parkes. The introduction by Balbach^ of the use of graphite retorts 
has been the greatest improvement on the original method. 

The Faber du Faur retort furnace is almost universally used for this work. This 
furnace is cubical in form, built of fire brick supported in a cast-iron frame. This 
frame swings on trunnions and permits the furnace to be tm’ncd over for emptying and 
cleaning. The furnace may be coal, coke, gas, or oil fired, but oil is the fuel roost 
widely used. The graphite retort is supported on a small brick pier carried in the* 
furnace, and is so placed that the mouth of the retort projects through the front wall 
of the furnace. The angle of inclination used for the retorts is slightly less chan 30 deg. 
from the horizontal position. The produerts of combustion are removed from the 
back of the f^hiace near the top and pass to a flue, which may serve several furnaces. 

The graphite retorts are pear shaped and of various sizes, some of the earlier 
ones having a capacity of 250 lb. of crusts; 1,500-lb. retorts are now in use. The 
correct placing of the retort in the furnace has a considerable bearing on the life of 
the retort and upon the speed of distillation. 

The condensers may be made of graphite, clay, or cast-iron, old retorts being often 
used for this purpose. The condenser is supported either by chains at the front of the 
furnace, or by a special truc.k and stand. The joint between the retort and (;ondenscr 
is luted with clay. The condenser has u tap hole for the removal of molten zinc, which 

1 Chem. Mi‘t. Eng., Baltimorf*, Md. 

2 U. patent 563769, anri Bubee<iuent patents. See p. 916, tins l>ook, 

> Evbxch, Trana. A. I. M. E., 44 , 741 (1912). ' 
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is closed with a clay plug during the distillation, and a vent opening near the top for 
the escape of gases. 

The distillation is conducted approximately as follows: the broken zinc crusts, 
mixed with 1 to p(^r cent of charcoal or coal, are charged to the retort by means of a 
small scoop or shovel. Tlu* temperature is raised to about 1200‘*C. as rapidly as 
possible; the crusts soften and arc pushed down; more crusts are added until the retort 
has received its full charge. The condenser is then placed over' the mouth of the 
retort and the joint is luted with clay. The distillation requires from 6 to 8 hr., but 
blue powder and metallic zinc begin to collect in the condenser in 30 to 40 min. after 
the retort has been charged. The operating temperature is between the limits of 
1000 and 130()‘"G., although zinc boils at 918°C. At the lower temperatures the dis- 
tillation is slow and much blue powder is formed in the condenser; higher temperatures 
yield more metallic zinc, give a faster distillation, and leave less zinc in the rich lead 
remaining in the retort at the end of the distillation. At 1100°C. the condensed zinc 
will carry 0.25 per cent of lead, and it usually carriers 4 to 12 oz. of silver depending on 
the rate of distillation. 

Tellurium remains largely in the retort bullion and clinging to the iron condenser, 
if one is used. The blue powder also runs high in it at times. The zinc is tapped 
from the condenser from time to time during the distillation and is cast as 
zinc slabs. When no more zinc is caught in the condenser the distillation is 
completed, and the condenser is removed and cleaned. The retort is then emptied by 
pouring the luiital into a brick-lined slag pot or other suitable receiver, and the metal 
is transferred to a cupel furna<;c, a small reverberatory furnace, or is cast as bars when 
sufficiently cool. The retort is then scraped clean and is ready for a new charge. 

The reciovered zinc amounts to about 10 per cent as metal and 1 per cent as blue 
powder of the weight of the crust treated. The rich lead amounts to from 70 to 80 
per cent of the weight of the crust c.harged to the r(itort, and earriiis from 4 to 10 per 
cent of silver and from 0.75 to 1.50 per c.ent of zinc. The recovery of metallic zinc 
is from 60 to SO })er cent of the* total zinc uscmI for desilverizing the lead bullion. The 
blue powder is returned to the retorts or is sold as blue powder. Retorts last from 
twenty-five to forty /'htirgcjs. One ton of zinc crusts reejuires from 40 to 70 gal. of oil, 
with air to atomize the oil depending upon the size of the retort used. Oil firing is 
more severe on the ij^torts than (;oke firing, but the constant danger of a retort Ifaking 
makes it advisable to smelt all the coke ashes from the retort furnaces in a blast fur- 
nace, so oil has an advantage here. One man per shift can handle from two to four 
retorts. 

CupeUation of Rich Lead.^ — The rich lead from the retorts and the work lead 
produced by the Pattinson process of lead refining arc treated for the recovery of 
the gold and silver by cupellation. Two typesof ciipellation furnace and methods 
of operation are used: Oerman cupellation and English cupellation. 

German cupellation employed a reverberatory furnace having a fixed hearth and a 
movable roof ; all of the bullion to be cupeled was charged at once, and the silver-gold 
alloy was not refined in the same furnace in which the cupellation was carried on. 
The German cupellation furnace has been almost entirely replaced, however, by the 
English furnace. The operation of the German c.upcl was usually conducted as fol- 
lows: preparation of the hearth; charging and melting; softening; cupellation; remov- 
ing and refining the crude silver. A new hearth of marl, or a mixture of crushed 
limestone and clay, was placed in the furnace at the bt*ginning of each cycle. The 
entire charge of rich lead was then piled on thelu'arth, the furnace roof moved and luteil 
into place, and the fire started. The lead wasineUed slowly and the dross was skimmed 

> lloKMAN, U, U., “MfUillurgy of Loiul." 



TREATMENT OF ELECTROLYTIC ^^LIMER AND ZINC CRUST 927 


off as it formed; the temperature was raised, and the ciipollatioii was continued until 
the crude silver remaining in the furnace had hrightcned. The crude silver was then 
cooled and solidified with water, broken from the hearth, cleaned, weighed, and trans- 
ferred to a second furnace for refining. I'hc old hearth material was removed, and 
those portions of it which contained litharge were smelted in the blast furnace, while 
the balance of the^ material was mixed with new hearth material for the next hearth. 

English cupellation is conduced in a reverberatory furnace with a removable hearth 
and a fixed roof ; the bullion to be cupeled is charged gradually, and the silver is usually 
refined in the same furnace. 

The furnace, as used today, differs considerably from the earlier forms, but the 
principle of operation is the same. The fire box, or combustion chamber if oil fired, 
the side walls, roof, end walls, and Jlue arc supported independently from the hearth or 
test, as it is called, and form a permanent structure. The test is carried on a truck 
which can be removed from under the fixed portion of the furnace. The roof lines of 
the English cupellation furnace are such as to force the heat down on to the test. 
The products of combustion arc removed at a point directly above the litharge channel 
and operating door. The furnace wall opposite to the litharge channel usually has 
several openings, through which the tuyere piijes arc introduced; an opening for the 
charging of the rich lead bars is also provided. 

The test consists of an oval or rectangular ring of boiler iron or cast iron, resting on 
a cast-iron plate; whadi is supported on two rails or steel beams. At one end these 
beams are carried by jackscrews, or other suitable means for lifting, and at or near the 
other end the beams rest on a bearing bar. The assembly is mounted on a truck which 
permits the entire test to be removed from the furnace and a new one substituted for it. 
Water-cooled tests have been used but are not ncccnsary, though a small water-cooled 
jacket at the litharge channel is sometimes advisable. 

Hearth Material. — The original English tests were made with the hearth of 
bone ash. This material has not found favor in America, as it is not suitable for 
large tests and is too expensive. The test material which has found the greatest 
use is a mixture of 6 parts of limestone and 1 i)art of clay by volume. The 
mixture is ground to pass from a 5- to 12-mesh screen and is then moistened 
with water. The moisture is disseminated through the miseture by repeated 
turning and mixing with shovels. The proper amount of moisture is determined 
by pressing a handful of the mixture; the material should form a lump which 
does not crumble when the pressure is released, but should not stick to the hand. 
If it sticks to the hand the mixture is too wet. Portland cement oi a mixture of 
cement and ground brick have given good results as a test material. A number 
of other mixtures have been used at various plants, and a test lined with 
magnesite brick has been used successfully. 

The test is lined in several ways. One method is to add enough of the test material 
to form the bottom, and to tamp this in place, cither as one layer oiras several layers; 
a wocKlen or metal form is then placed on the bottom and the material is tamped in 
between this form and the test ring to form the sides of the test. A second method is 
to add all of the material to the test, then place a skeleton form in the test, and tamp 
the bottom and sides at the same time. 

The making of a test requires considerable experience; too much tamping gives 
a test which is hard and will crack; too little tamping gives a soft test which will 
absorb too much lead; too little water in the mixture gives a test which will peel; 
and too much water in the mixture will not permit the proper tamping of the material. 
The finished test is allowed to dry slowly for several days, if possible, before being 
placed in service. 
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Operation of the Cupellation Furnace. — The test is put in place and the fur- 
nace is slowly heated; when it has reached a dark-red heat, sufficient lead to fill 
the test is charged and melted down. The temperature is brought to a cherry-red 
heat and the blast is turned on through the tuyere pipes. The litharge formed is 
drawn off at the litharge channel, and more rich lead is supplied at the back of the 
test through openings provided in the furnace wall for that jJurpose. The lead 
is added at a rate which will keep the lead level in the test nearly constant. The 
withdrawal of the litharge is so regulated by tilting the test, or by the addition 
of lead, that approximately one-half of the surface of the molten lead remains 
covered with litharge. The litharge is collected in cast-iron pans or pots, mounted 
on wheels. The tuyere pipes are adjusted so# that the air blasts converge and 
force the litharge toward the litharge channel. If too much molten lead surface 
is exposed to the action of the blast the litharge will carry excessive silver, and 
the loss of lead and silver by volatilization is increased; if too much of the surface 
of the lead is covered by the litharge thcj cupcillation is retarded. The rich lead 
is fed to the test until the test is filled with metal which has been concentrated 
to 60 to 70 per cent silver, at which point the refining operation begins. The 
refining can be done in the same furnace, or the metal can be cast as bars and 
refined in a second furnace. 

Refining. — The refining operation is the same as the concentration, except 
that toward the end of the refining period the temperature has to be increased in 
order to keep the more infusible silver-lead alloy molten. The last of the litharge 
is drawn off by tilting the test by means of the jacks of the test carriage, leaving 
the crude silver or dor^ exposed to the action of the heat and air blast. The 
metal is sampled from time to time to show the progress of the refining process. 
Sodium nitrate is sometimes used to remove the last of the impurities from the 
metal. Often a few bars of pure lead are added and the refining operation is 
repeated several times. The refined metal should assay 995, or better, parts 
per thousand of gold plus silver, and is then cast in the form of thin plates for 
parting by either ^e acid or electrolytic method. • 

The loss of lead during cupellation of rich lead will average about 5 per cent of 
the weight of the lead charged to the test; the silver loss will average about I per cent; 
and the gold loss will be small, except when treating an alloy which is rich in gold. 
The gases from the cupel furnaces are usually passed to a bag house or a Cottrell 
treater for the recovery of the fumed metals, thereby reducing the losses considerably. 

Life of the Tests. — Tests made of limestdne-clay mixtures often last for 15 to 
30 days when used for concentrating only, and from 3 to 10 days when used for 
refining only. The bottom and sides of the test gradually become thin and the 
test has to be changed. Water-jacketed tests, filled with the limestone-clay 
mixture, have lasted for 60 days when used only for concentrating. The lining 
of an old test is broken out with bars and hammers; the metallic silver is picked 
out and returned to the cupel; and the old lining is smelted in the blast furnace. 

One nmn on each shift is required for the operation of each cupel. The fuel 
required varies with the size of the cupellation furnace; as, for example, a test holding 
from 1,5(K) to 2,000 lb. of retort bullion will treat about 6^^ tons of bullion per 24 hr. 
and uses tons of coal; a smaller furnace, holding 1,000 lb. of bullion, will treat 3 ^ 
tons of bullion per 24 hr. and uses to 2 tons of coal. The refining operation usually 
requires from 5 to 7 hr. and uses about 1,500 lb. of coal. The oil consumed by oil- , 
fired furnaces is proportional to the coni used with coal-fired furnaces. 
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Imimxities. — The impurities found in retort bullion are, as a rule, Cu, Asi Sb, 
Bi, Te, and Zn. 

Copper in the bullion is gradually taken up by the litharge, but if present in the 
bullion in large quantities some copper will often remain in the metal until the refining 
stage is reached. The presence of a small amount of CusO in the litharge during the 
concentration stage seems to increase the speed of cupellation. The probable explana- 
tion of this is that ^^bO and CU 2 O form an eutectic which makes it possible to cupel at a 
lower temperature than would be possible if CuaO were absent. 

Arsenic and antimony are partly volatilized and partly oxidized, and are removed 
in the litharge. They have no special influence on the cupellation. 

Bismuth is concentrated with the silver until toward the end of the operation, and 
then begins to oxidize and is carrie^^ off with the litharge. The last traces of bismuth 
are difficult to remove from silver or dor6. Some bismuth is absorbed by the test, and, 
if bismuth is to be recovered, the test material and the bismuth litharge are retreated 
separately for the bismuth. 

Tellimum tends to remain with the silver and is the most difficult of all the com- 
mon impurities to remove. Repeated refining with lead and the use of sodium nitrate 
or caustic soda are the most effcc.tive means for its removal. Tests have shown that 
about 60 per cent of the tellurium in bullion enters the litharge; 37 to 38 per cent is 
volatilized, and about IV 2 to 2 per cent remains in the metal. 

Zinc is readily oxidized and passes into the flue products, or is carried off with the 
litharge. Platinum and palladium in the rich lead, or in material charged to the cupels, 
are collected and retained by the silver or dor<5 and arc recovered in the refining of the 
gold. 

TREATMENT OF ELECTROLYTIC SLIMES 

Treatment of Copper Slime. — The slime produced in the electrol 3 dJic refining 
of copper varies in both quantity and composition with the kind and grade of 
anode metal refined. Most of the refineries attempt to blend and refine the pig 
copper in the anode-casting furnaces in order to secure anode metal assaying 
about 99 per cent copper. The yield of slime from this gra*de of anode metal 
should average between 1 and 2 per cent of the weight of anode dissolved. Typical 
examples of copper anode slime are given in the following tabft: 



1 

2 

3 

4 

5 

6 

7 

Ag, ouncies per ton 

6,220 4 

4,680 5 

14,012 8 

8,238 5 

9,631 5 

927.90 

d 

i-H 

CO 

Au, ounces per ton 

143 6 

64 5 

91 7 

107.5 

96 55 

402 75 

10.15 

Cu, per cent . . 

18 24 

28.09 

13 53 

23 89 

4 47 

69.03 

46.53 

Ni, per cent 

1 63 

2 64 

0 54 

0.40 

0.27 

2.03 

23.13 

As, per cent 

0 32 

1 12 

2 If) 

2.86 

1 97 

0.15 

0 28 

Sb, per (;ent 

4 56 

3 54 

3 04 

3.76 

7.20 

0.15 

0.68 

Bi, per cent 

Se, per cent 

Trace 
18 05 

None 

16 14 

Trace 

4 27 

5.60 

/ 

1.15 

0.85 

6.60 

Te, per cent 

2 36 

2 21 

1.07 

1 95 

0 85 

1 50 

0 27 

Pb, per cent 

4 95 

1 93 

8.83 

6.71 

25.34 

0 79 

1.53 

Zn, per cent 

S, per cent 

Trace 

3 31 

Trace 

4 09 

5.31 

4 64 

4.99 

15 41 

1.58 

Fe, per cent 

0 41 

0 53 

0 38 

0.40 

0.25 

1.04 

0.41 

SiOa, per cent 

8n, per cent . . . 

4 27 
1 05 

6 35 
0 23 

1 


0 43 
0 15 

0 41 
p.09 

0 93 
0.31 
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Samples No. 1 to 5 were composite samples of the slime from at least 10,000 tons 
of anodes. Sample No. 6 was taken from a run made on low-silver, high-gold anodes; 
sample No. 7 was taken from a run on high-nickel anodes. 

Slimes-treatmcnt processes,^ to be successful, must fulfil several requirements which 
may be listed as follows: minimum metal loss; prompt delivery of the bulk of the gold 
and silver; delivery of the by-products in a recoverable form; economy of operation; 
and the introduction of no chemicals to the process which may hav4 an injurious effect 
on the refining of copper. 

In the early days of electrolytic refining the slime was screened to remove metallic 
copper; washed to free it of soluble copper salts; filtered to remove excess water; and 
cupeled with lead in a cupel furnace. The lead loss was heavy and the litharge was 
fouled with copper. It was discovered that much better results were obtained in the 
furnace work with a slime from which the copper Ifad been removed. 

Copper Removal. — The first method employed for the removal of the copp>er 
from screened raw slime was to boil the slime with dilute sulphuric acid to which 
sodium nitrate was added in small doses. The bf)iling operations were conducted 
in load-lined tanks equipped with paddle or air agitators; the slime was run into 
the tank and enough sulphuric a(id was added to make a 50 per cent sulphuric acid 
solution; th(‘ mixture was then heated with steam to the boiling point, and the 
sodium nitrate was added a few pounds at a time. Heavy fumes of poisonous, 
nitrous gases were given off, and if the sodium nitrate was added in too large doses 
the charge would foam over the top of the boiling tank. It often required 48 
to 72 hr. to reduce tlie copper in the treated slime to 2 to 3 per cent. The 
lead tank lining was rapidly attacked and needed frequent repairs. The copper 
solution from the slime leaching was settled to remove the last trac^es of suspended 
slime and added to the tank-house electrolyte. 8o long as the (ilec.trolyte purifica- 
tK)n system withdrew a large volume of solution for the manufacture of copper 
sulphate, no trouble from sodium compounds in the electrolyte was experienced, 
but with the decreased market for copper sulphate and the cyclic purification 
methods later develoj^ed, the sodium salts accumulated in the electrolyte and 
caused trouble. 

The raw slime was also treated for the removal of copper by boiling with a 50 p(ir 
cent sulphuric acid to which mariga!ie.sc» dioxide was added in small quantities at a 
time, until the copper had been oxidized and dissolved. The .addition of an excessive 
amount of tin* manganese dioxide at one time W'ould cau.se the charge to foam over the 
top of the boiling tank. The copi)er solution frmn the boiling of the slime contained 
manganese sulphate, and this solution could not be added to the regular electrolyte 
as the manganese salt caused trouble in the electrolytic cells. The solution was, 
therefore, .sent to the copper-sulphate plant and w^as u.sed for the production of Idiie 
stone. The manganese salts eventually w^ent to wa.ste in the spent liquors from the iron 
cementation tanks in which the last of the copper was precipitated from the mother 
liquors. These methods have been superseded by one of the several forrn.s of cither 
oxidizing roast or sulphatizing roast, following by leaching w^ith dilute sulphuric acid 
or water. 

Oxidizing Roast. — When .screened raw slime is subjected to an oxidizing roast, 
most of the copper is rendered soluble in dilute sulphuric acid. The tem|)erature 

^ Addk KH, I. , “CopiM'r lU'fining,” p 107. 
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of the roasting (IojkjikIs upon tlie character of the slime which is being treated. 
The copper in some slime is rendered soluble by merely drying the slime at 105 to 
110®C.; other slime requires roasting or baking for 8 to 15 hr. at a temperature of 
175 to 200°C.; some slime can be roasted at 250 to 300®C.; and still other slime 
may require a temperature of 500°C. to render 95 per cent of the copper soluble. 
The roasting of copper slime at higher temperatures usually renders some silver 
and selenium soluble in the dilute acid. 

The roasting may be done on the hearth of a roasting furnace, or in pans or trays 
placed in special roasting furnaces.^ One refinery pumps the raw slime, which has 
been thickened but not washed free of soluble copper and acid, to the hearth of the 
roasting furnace where th(^ slime i|f first dried and then roasted, thereby eliminating 
the time and cost of washing and filter pressing the raw slime. The roasting tempera- 
ture employed is below the point at which the slime begins to frit, and the time 
recjuired for the roast varies from 5 to 15 hr.; the lower the temperature employed 
the longer the time. 

The following examphis- show the manner in which different slimes act during the 
roast and the leach with 40 per cent sulphuric acid. 


Sam])l(‘ 

1 


3 

\ 

5 

Ag, ouri(!es p(’r ton 

3,003 0 

11,373.9 

927 9 

310 5 

1,506.8 

Au, ounces ])cr ton 

66 02 

13 i 

402 75 

10.15 

13.7 

Cu, per cent . . 

41.64 

13.57 

69 0.3 

46.53 

.59.17 

Ni, per cent. . . . 

0 12 

0.14 

2 03 

23 13 

2.40 

As, per cent 

1.12 

1 61 

0 15 

0 28 

0 50 

SI), per cent 

0 72 

!) 4« 

0.15 

0 68 

0.25 

Se, per c(‘nt 

18 70 

0 25 

0 85 

, 6 60 

4.72 

Te, per cent 

0 S2 

0 10 

1 50 

0 27 

1.15 

Pb, pe^ cemt 

2 HU 

9 48 

0 79 

^ 1 S3 

2 32 

S, percent... 

4 85 

6 11 

15.41 

1 58 

13 54 

Fe, per (umt. 

0 31 

0^42 

1 04 

0 41 

0 67 

Sn, percent.. . 

0 29 

0 11 

0 09 

0 31 

0.43 


» r. S piili-nt, 10K.’)S;n, U T Wuh*.s 
Porsoiml notes. 
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Sample 

Roast, 6 hr. 
at, in degrees 
Centigrade 

Per cent soluble (.u 

Holuble Ag 

Soluble Se 

1 

140 

70 40 

No 

No 

1 

250 

75.00 

No 

No 

1 

300 

82.40 

No 

No 

1 

400 

99.83 

Yes 

Yes 

2 

140 

89 . 10 , 

No 

No 

2 

250 

96 . 14 

Yos 

No 

2 

400 

98.53 

’\"eH 

No 

3 

140 

12 34 

No 

No 

3 

250 

71.96 

No 

No 

3 

400 

91.96 

No 

No 

3 

500 

96.53 

Yos 

No 

4 

200 

31.16 6 73 Ni 

No 

No 

4 

300 

67 90 10 57 Ni 

No 

No 

4 

400 

91. 5S 38 62 N1 

"S'es 

No 

4 

5.^)0 

99.30 11.53 Ni 

Y(*s 

Yes 

5 

140 

18 SO 

No 

No 

5 

200 

24.60 

No 

No 

5 

300 

30 30 

No 

No 

T) 

400 

94 45 

No 

No 

5 

500 

• 

99 90 

Y(‘s 

Yes 


The roasting exfieri intents were com! ue ted in an electric furnacio of the wirc-twound 
tube type, slightly inclined for the purpose of inducing a draft of air through the 
furnace to insure a plentiful supply of oxygen. The ttirnperature of the electric fur- 
nace could be regulated to within a few degrees of the temperature desired. 

Sulphatizing Roast. — Dr. Edward Keller' mixed raw slime with sufficient con- 
centrated sulphuric acid to combine with the copper in the slime, and roasted the 
mixture. He employed a furnace, the hearth of which was a steel pan. The 
temperature of the roasting furnace was approximately 280 °C. The roasted 
material was withdrawn from the furnace in a fairly dry condition and sent to 
the leaching tanks. An excessive roasting temjKjrature caused the material to 
bake into hard lumps which did not disintegrate properly in the leac)iing operation, 
and hence gave a poor copper extraction; at lower temperatures the copper was 
not rendered soluble. The roast with sulphuric acid gave off considerable quan- 
tity of sulphuric acid fumes, and this was often objectionable unless precautions 
were taken to absorb or precipitate these fumes. The best results were said to 
be obtained if the acid was almost exactly the theoretical amount necessary to 
combine with the copper. 

1 17. S. patent, 1110403, Dr. Edward Keller. 
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Leaching of fhe Roasted Slime. — The leaching or boiling of the roasted slime 
is carried out in cylindrical lead-lined tanks equipped with a paddle agitator, or 
in rectangular tanks having hopper bottoms and agitated by means of com- 
pressed air. The Pachuca type of tank gives very good results if agitated by 
means of a mixture of air and steam. The heating is done either with steam coils 
in the leaching tan|^s or by blowing live steam into the leach solutions. 

The operation is carried on about as follows: the proper amount of water or weak 
wash liquor (in the sulphatizing roast), or the mixture of water or weak wash liquor 
and sulphuric acid (in the oxidizing roast), is run into the tank and the agitation 
started; the roasted slime is then added and the agitation continued until the slime 
has been completely disintegrated. The solution is then tested for the presence of 
soluble silver and selenium; if citheior both are present, a small amount of raw slime 
is run into the tank and the agitation is continued; the solution is again tested, and 
the raw slime additions are repeated until tests show that all of the silver and selenium 
have been precipitated. The batch is allowed to settle, the solution siphoned off, and 
the slime washed several times by decantation. Weak wash water from the filter is 
used for the first several washes; the last wash is usually made with water. The slime 
is then filtered and given the final wash in the filter. The discharged filter cake carries 
from 18 to 30 per cent moisture and is ready for the furnace treatment unless drying 
is necessary. Some refineries ship the treated slime elsewhere for treatment, and in 
this case the slime is dried, sampled, weighed, and packed in barrels or metal-lined 
boxes for shipment. Steam driers or iron pans placed over a direct fire are used for 
drying the slime. The treated slime should not contain more than 1 to 3 per cent of 
copper if the roasting and leaching have been properly carried out. 

At one of the refineries, the treated slime is washed in the boiling tanks by decan- 
tation until free of soluble copper; the excess liquor is siphoned off; the thickened 
slime is pumped to the hearth of a special roasting furnace; and is then dried and 
given an oxidizing roast at a dark-red heat in order to eliminate as much of the 
selenium as possible and to deliver an oxidized dry slime to tlie slime melting furnaces. 
The oxidized slime is mixed with soda ash before being charged to the melting furnaces. 
The roasting operation saves the cost of filtering and it also gives tf dry charge for the 
melting furnaces which melts down in less time and with less fuel than would be 
required by wet slime or filter cake. 

Silver sulphate dissolves the metallic copper and some of the combined copper in 
the raw slime as .shown by the following experiment.^ To 1,500 c.c. of dilute sul- 
phuric acid, 10 per cent, 15 g. of silver as silver sulphate were added, and the mixture 
heated to boiling; weighed quantities of raw slime were added in small amounts until 
tests showed that all of the soluble silver had been precipitated ; the residue was washed 
free of soluble copper, filtered, dried, weighed, and assayed for copper. The experi- 
ment was repeated, using several kinds of raw slime. In each test the residue carried 
only very small amounts of copper; the copper extraction from the raw slime varied 
from 96 to 99 per cent in the individual tests, and the average extraction for all of the 
tests was 98.7 per cent. / 

Furnace Refining of the Treated Slime. — The first refineries treated the boiled 
slime with lead in cupel furnaces, and this method is used today at those plants 
which refine both lead and copper. One method for charging the slime to the 
cupel furnace consisted in packing the slime in small paper bags which held from 
15 to 25 lb. of slime, and in charging the bags of slime to the surface of the molten 
lead in the furnace. This method probably caused a heavy dusting loss. A 
better method consists in mixing the slime with litharge and a little fine coal and 

* Pehioual notes. 
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smelting the mixture in a small basic-lined reverberatory furnace to a slag and 
metal. The metal is cast in the form of bars and is fed to the cupel as needed; 
the slag is smelted in the lead blast furnace. Most of the copper refineries are not 
operated in conjunction with a lead refinery, hence other methods of treatment 
were developed. 

The melting of treated slinie in a basic-lined reverberatory fi'irnace yields a lead- 
antimony slag, called tapped or sharp slag, and a metal which consists of Ag, Au, Se, 
To, some Cu, and other metals. If the slime carries considerable selenium or tel- 
lurium, a third product, a matte or speiss, in which selenium and tellurium take the 
place of sulphur, may be formed. This matte or speiss is a most troublesome material 
to handle and may carry as much as 50 per cent silver. Several methods arc used 
either to prevent the formation of this matte, ol to decrompose it after it has been 
formed. 

Fluxing the Slime. — The treated slime is often mixed with fluxes before 
charging to the melting furnace. The fluxes used are silica, lime, soda ash, salt 
cake, niter cake, caustic soda, or a mixture of several of these. The thin slag 
which is formed is tapped from the furnace, and the metal is oxidized by forcing 
compressed air under the surface of the metal through iron pipes. A second slag 
is formed, which is skimmed off, and the metal is refined to dor6 with air and niter, 
or niter and soda ash. When slimes carrying excessive amounts of copper, sele- 
nium, and tellurium are being furnaced, a matte will separate from the metal during 
the refining process; this matte retards the refining operations and is best handled 
by tapping off, crushing to 10 mesh, roasting and leaching with sulphuric acid for 
the removal of the copper before returning to the melting furnace. 


The following data' show the composition of the matte at different stages during 
an attempt to oxidize it in the melting furnace by means of air, niter, and soda ash. 
Samples were taken evmy 4 hr. over a jMiriod of 28 hr. 


Sample No. 

All, oumres 
ton 

Ag, ounces 
])(T ton 

Cu, 

jier cent 

Sc, 

per (tt'iit 

Te, 

pernrent 

1 

130.15 

13,751 8 

20 67 

22 83 

0.50 

2 

105.55 

14,336 0 

22 88 

20 80 

1.20 

3 

67.42 

14,139 3 

25 33 

19.34 

1 35 

4 

25 70 

12,016 0 

33 07 

15 25 

1.52 

5 

18 15 

9,685 1 

33 81 

12.05 

2.48 

6 

10 20 

8,707 9 

31 83 

7 67 

2.44 

7 

6 85 

8,102 5 

47 32 

0 62 

1 20 

8 

5 10 

7,664 9 

49 40 

0 15 

0.07 


At one plant, the treated slime is melted without flux to a sharp slag and a matte or 
speiss and metal in one furnace; the slag is tapped off and the metal and speiss are 
transferred to a second furnace in which the mixture is refined to dore with air, caustic 
soda, and niter. 

The sharp slag from the slime-mt'ltiiig furnace usually carries from 0.5 to 4 oz. per 
ton of gold; 125 to 500 oz. ])er ton of silver; with varying amounts of copper, lead, 
and antimony. A typical slag will assay about as follows; 

1 Personal notes. 
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C)z. piT ton 


Pi*r rrnt 


Au 1 

Ag 

Cu 

Pb 

Ni 

As 

Sb 

Sc 

To 

SiOj 

0.80 

458 

3 99 

16.70 

0 27 

0 97 

f) IS 

0 58 

0.52 

18 0 


The sharp shiK is sold to the lead smelter for the Rohl, silver, and lead contained in 
it; is smelted to copper matte in fhe ore-smeltinj^ furnaces and the matte blown to 
blister copper in converters; charged to the anode furnaces; or smelted to black copper 
in the copper blast furnace. The last two methods are the least desirable, since the 
sharp slag contains many impurities which go into the anode; or the black copper and 
are circulated through the pro(;ess. A partial elimination of these impurities is made 
in both the matte smelting and c.on verting operations; hcnci* this method of treat- 
ment gives a better elimination of the impurities, but, unfortunately, many of the 
refineries do not smelt suliihide ores. 

Sharp slags, which contain high silver values, and the sec.ond slags, produced 
during the refining stage, arc generally retreateil in the slime-melting furnaces either 
with slime or in separate; campaigns, and eventually report as sharp slag. 

The soda-nit(;r slags are (*ither charged to the slime-melting furnaces with slime, 
or are first ciushed and leached for the removal of the selenium and t(*llurium con- 
tained in the slime, and the leached residue is returneil to the slime furnace. 

Slime Furnaces. — Small, oil-fired, reverberatory furnaces lined with magnesite 
or chrome brick are used for the melting of the slime. Tlu‘ (diarge is introduced 
at intervals, and each batch is medted down before the next charge is made. 
Sharp slag is often tappial from the furnace several times befon; the furnace is 
fully charged. It is laistomary to add a small amount of coal to the slag, from 

to l»hr. before the slag is tapped, in order to secure a cloant^ slag. The slime 
may be charged to the funuu^c through the regular working door by shoveling, or 
by dropping from hoppers through charge hol(*s in the furnace roof. The life of a 
furnace bottom is from G to 12 months; the side walls and roof reijuire patching 
about every 80 to 60 days. 

Metal absorjition of a furnace is almost directly proportional to the volume of the 
brickwork below the metal line of the furnace; hcnc.e, in order to reduce the interest 
on the metals tied up in furnace linings, the furnace should be of such design as to 
have the maximum capaciity with the minimum of lining consistent with good fuel 
consumption and furnace life. A new type of thinly lined, cylindricaf, tilting furnac.e 
has recently been developed at one of the refineries. Two small furnaces of this 
construction have replaced one furnace of tlie stationary type; each furnace melts and 
refines a charge of 6 to S tons of slime in 4S to 60 hr., while the larger furnace requires 
from 90 to 120 hr. to treat 12 to lo tons of slime. The two small furnaces absorb less 
metal than the single larger furnace, and also make an interest saving of from five to 
six days on the metals in process. This saving is mjide by the reduced time the slime 
is waiting for furnace treatment, the reducied time the metal is in the furnace, and the 
reduced time the dor6 is awaiting parting because of the delivery of very large batches 
to the parting plant necessary with the large furnace. 
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Metal Losses. — The gases from the slime-roasting, -melting and -refining fur- 
naces contain Ag, Au, As, Sb, Se, and Te; hence some method for the recovery of 
the values from the furnace gases is necessary. The losses are due both to volatil- 
ization and mechanical dusting of the charge. As much as 1.25 per cent of the 
silver in the slime treated has been recovered from the furnace gases. The earlier 
plants used settling chambers and water scrubbers, but thes«. were never satis- 
factory. Bag houses could not be used because the acid in the gases rapidly 
destroyed the bags. Cottrell precipitators are used for this work with good results. 
The treaters may handle the gases either hot, or wet and cold. The hot treater 
can be made of steel, but the wet treater must be constructed of lead or other 
acid-proof material. The wet treaters are more exjxmsive to build than the hot 
treaters, but have found the most favor. Recent consideration has been given to 
the use of both hot and wct-cold treaters. This combination will permit fractional 
precipitation and probably will give a better recovery of the value in the gases 
than either hot or wet treaters used alone. 

The flue system at one of the refineries may be taken as more or less typical. The 
gases are drawn through a brick collecting flue to a brick settling flue; pass to the 
steel-plate fan which supplies the draft to the furnaces; arc forced through two lead 
spray towers, in which the gases are washed with circulating solution and cooled; 
thence through a lead settling chamber to the (k)ttrell. The Cottrell (consists of 
three units of thirty lead pipes, each 8 in. in diameter and 10 ft. long, equipped with a 
water-flushing system for washing the collected material from the pipes and con- 
veying it to the settling tanks. The electrical e(iiiii)nient is in duplicate in order to 
insure continuous operation; 15 to 20 kva. arc required for the operation of the treater. 
The treater handles approximately 12,000 cu. ft. of gas per minute at a temperature 
of 60 to 80®C., and recovers from 95 to 98 per cent of the silver in the gases entering 
the treater. The entire flue system recovers from 97 to 99.5 per cent of the silver 
entering the flues. The recovery is about equally divided among the settling cham- 
bers, the spray to^ie^H, and the Cottrell. 

Recovery of ^y-products. — The by-products of commercial importance in 
copper slime are selenium, platinum, and palladium. The platinum and palla- 
dium remain with the gold and silver, are delivered to the parting plant in the dor6, 
and are recovered during the refining of the gold. Reference should be made 
to the separate chapters covering these metals. 

Wet Methods for Slime Treatment. — Much thought and money have been 
expended in trying to develop wet methods fyr the treatment of slime, and several 
rather promising schemes have been given large-scale tests, but no such methods 
are in use at the present time. The wet treatment of the slime for the removal of 
the copper, followed by furnace refining to dor6 and the parting of the dor6, is 
far from perfect, but yields better results than any wet process known. The 
methods used for the treatment of the lead slime produced by the Betts process of 
lead refining are given on pp. 1092 to 1094, Electrolytic Refining of Lead, and pp. 
849 to 851, Bismuth. 

Treatment of Electrolytic Tin Slime. — The American Smelting & Refining Co., 
at the Perth Amboy, N. J., plant, at one time operated an electrolytic tin refinery. 
Very little information relative to the process has been given out. It is known 
that the impure tin treated carries lead, bismuth, and silver as the chief impurities. 
The slime undoubtedly contains considerable tin, as well as the other metals, 
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and if the slime were to be charged to the cupel furnaces this tin would be lost. 
Some method for the removal of the major portion of the tin from the slime prob- 
ably has been developed, and the lead, bismuth, and silver residue could then be 
shipped to the Omaha, Neb., plant for the recovery of the bismuth. 

OTHFR SILVER- AND GOLD-BEARING MATERIALS 

Treatment of Cyanide Bullion. — The silver bullion produced by the cyanide 
treatment of silver and silver-gold ores is often refined and parted at the large 
refineries on a custom basis. The bullion is weighed and sampled, either by drill 
sampling or by melting and dip sampling, charged to the cupel furnaces or the 
slime-refining furnaces, and refined to a suitable dor4 for parting. 

The cyanide precipitates at Pachuca, Mex., are first treated with dilute sulphuric 
acid to remove as much zinc as possible; are then melted in a basic-lined reverberatory 
furnace; and are refined with air to a very high-grade dor6 for electrolytic parting. 
Ix)w-grade cyanide precipitates are treated at some of the lead refineries by mixing 
with litharge and a small percentage of coal, and smelting to a rich lead, which is then 
treated in the cupel furnaces. 

Sulphide precipitates are handled in the same manner, except that no coal is 
used in the mixture; the sulphur in the precipitates reduces sufficient litharge to metal- 
lic lead to collect the values. The litharge slags from this furnace are retreated in the 
lead blast furnace. 

Jewelry Sweeps and Other Industrial Wastes. — These materials are usually in a 
very finely divided state when received, and are sampled and graded into two classes 
according to the assay value. High-grade material is often charged directly 
to the cupel or slime furnace in order to get the bulk of the precious metals on 
the market as soon as possible. The low-grade materials are sintered, briquetted, 
or nodulized with other fine material and smelted in either lead or copper blast 
furnaces. The lead bullion or copper matte, or both, serve a^ the collector for 
the precious metals, and these products are treated for the precious metals they 
contain? The rich lead is either desilverized by the Parkes jifocess or, if suffi- 
ciently rich, is sent to the cupels directly. The copper matte is blown to blister 
copper in converters and refined electrolytically; or the converter copper is shotted 
by pouring in a thin stream into water; the shot copper is dissolved in shot towers 
or oxidizers by sulphuric acid; the copper is crystallized as blue stone, and the 
insoluble residue from the shot copper is treated in the cupel or slime furnace for 
the values contained in the copper. 

A general rule not always observeti in the treatment of very rich material is that it 
is often wise to make chemical perfection subservient to saving interest charges on the 
metals tied up in the process. 
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THE METALLURGY OF COPPER 

By Francis 11. Pyne^ 

The ores of copper may be classified under {lireo main groups: native copper 
ores; oxide ores; sulphide ores. Native copper ores occur principally in the north- 
ern part of Michigan, and in three main forms: vein deposits, in which the copper 
occurs at times in enormous masses; arnygdaloidal diabase, through which copper 
is disseminated; conglomerate, in which the cementing material consists, to a 
degree, of metallic copper. Native copper also occurs in China to a small extent. 
In Chile it occurs as copr)er harilla, in which the fine metallic particles arc dis- 
seminated throughout sandstone. 

The principal oxide ores are malachite (CuCO.i.Cu(OH)2); azurite (2CuC03.(Cu- 
011)2); cuprite (C112O); atac^ainite (CuCb); and brochantite (CuS04.3Cu(0H)2). 
The oxide ores form miudi of the bulk of the South American and African copper supply. 
The principal sulphide ores are chalcocite (CU2S); chalcopyrite ((,/U2SFe2S3); covellite 
(CuS); bornite (3Cu2HFe2S3); and to these should be added copper-bearing pyrite 
(FeSa). 

The sulphide ores, however, furnish the bulk of the copper supply of the world, 
though the oxide ores are rapidly increasing in importance. At the mine the ores may 
be separated into high and low grade, the first containing such a percentage of copper 
that it is economical to treat it without further preparation; the second, containing 
such a small amount of copper that it becomes neiiessary to give it a further mechanical 
concentration in dider to extract as much of the worthless rock as possible before 
treatment, and avoid the excess payment of freight, slagging, and accompanying metal 
losses. For the various methods of mechanical concentration refer to Chap. Vl. 

Smelting of Sulphide Ores. — In the smelting of sulphide ores, which may be 
considered as mixtures of copper and iron sulphides accompanied by siliceous or 
basic ganguc, advantage is taken of the strong affinity of copper for sulphur and its 
weak affinity for oxygen , in comparison with the other bases in the ore. The object 
of smelting is to cause by fusion the conversion of the gangue into as valueless a 
slag as possible by the addition of proper fluxes, and at the same time concen- 
trate the copper and other valuable constituents of the ore into a small amount of 
high-grade material for further treatment. 

Two important materials are formed during the smelting of chopper-sulphide ores: 
first, the slag produced by the combination of the gangue of the ore and the added flux; 
second, the matte which is the product of the fusion of the metallic sulphides. Of 
these two protlucts t he slag rcctMves the first con.sidera1 ion of the metallurgist, becausci 
the sulphides melt readily under almost any eireumstances, hut unless the slag- 
forming constituents are proiKirly proportioned serious difficulties will result. 

1 Motallurgioal engineer, Scotland Road, Elisabeth, N. J. % 

938 



THE METALLURGY OF COPPER 


m 

A satisfactory slag must possess the following qualifications: (1) It must be as 
economical as possible, and to this end the other qualiheations are subordinated, 
as a scientifically perfect slag may in the end be so expensive that any margin of profit 
is wiped out in its cost. (2) It must be sufficiently liquid to flow freely, but should not^] 
require an excessive amount of fuel to produce this condition. (3) The specific"^ 
gravity should be sufficiently below that of the matte as to permit the latter to separate 
thoroughly from it. 

The type of slag to be made depends, of course, upon the slag-forming constituents 
available, and by the following general properties of the silicates. 

SuhidHcates. — While these slags are very fluid, they have a high formation tempera- 
ture, and the specific gravity is so high as to make clean settling difficult, thus causing 
high metal losses. In addition, th^ are very corrosive and destructive to furnace 
and settler linings. 

Monosilicatea. — These are quite fluid, but have a high formation temperature 
and are of sufficiently high specific gravity to make clean settling difficult. Basic 
silicates have a high djisolving power for metallic sulphides and thus tend to increase 
the metal loss in the fflag. 

Sesquiailicates. — These are mixtures of monosilicates and bisilicates, and are gener- 
ally employed in smelting operations. They are sufficiently fluid to flow freely, the 
formation temperature is not excessive, and the specific gravity is sufficiently low to 
permit of clean settling with a consequent reduction of the metal lo.ss. 

Bisilicalea. — These slags have a lower formation temperature and the specific 
gravity is low. But they are more or less thick and viscous unless a high working 
temperature is carried in the furnace, so that the slag flows freely. Consequently, 
they require more fuel and thus are more expensive. When used they are, however, 
very clean slags. 

Trisihcaiea. — These are seldom met with in any metallurgical practice as they 
require a very high temperatun! for their formation, and, as they are extremely viscous, 
require an excessive amount of fuel in order that thc 5 " may flow properly. 

As silicates with two or mori^ bases are characterized by increased fusibility and 
fluidity, up to a certain point, it frequently becomes advantageoutf to have a few per 
cent of lime present. Frequently, on account of a shortage of iron, it becomes neces- 
sary to i-eplace it with lime to a considerable extent and this genwally adds to the 
cost of the slag. 

Thfe amount of matte formed is dependent upon the amount of available sulphur 
in the ore. By available sulphur is meant that sulphur which is present when the 
temperature of the furnace is such that chemical activity commences between the 
copper, iron, and sulphur 

When the raw sulphides are subjected to heating in a neutral atmosphere, any 
sulphur in combination with copper in excess of the compound CU 2 S will be expelled|^ 
and the product of fusion will be CU 2 S which may be said to be the stable compound ei 
copper and sulphur. Similarly with the iron sulphides, any sulphur in combination 
with iron in excess of the compound FeS will be expelled, and a fusion will result in 
the formation of this compound. Should, however, the heating be carried to a point 
somewhere between 1200 and 1500®C. a further amount of the sulphur is volatilized 
and an equivalent amount of metallic iron is set free, giving a compound that may be 
written FeFeS, which is of great importance in pyritic smelting. 

From the above it is seen that chalcopyrite (CusSFeaSs) will lose about one-quarter 
of its sulphur by heat alone; covellite (CuS) will lose half of its sulphur; bornite (30ur 
SFetSs) will lose one-sixth of its sulphur; and pyrite (FeSa) half of its sulphur. For 
all practical purposes matte may be considered to be a mixture of CU 2 S and FeS in 
varying proportions. It is also an excellent collector of gold, silver, and the other , 
precious metals. ^ 
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An ore high in sulphur and iron, but low in copper, will, upon fusion, produce a 
matte containing so low a percentage of copper that its subsequent treatment would, 
imder ordinary circumstances, cost too much, and as it is the object of the metalluigist 
to concentrate the copper in his products up to the most economical point, steps must 
be taken to reduce the amount of sulphur available for the formation of matte and 
lower the amount of the latter produced per ton of ore smelted. 

Such reduction may be accomplished in two ways, by an oxidizing roasting, or by 
subjecting the ore to an oxidizing fusion. When the ore occurs as massive sulphides, 
the latter method is frequently used where conditions make it economical; when the 
ores are not massive, the oxidizing roast is the predominating method. 

Roasting is the heating to an elevated temperature, without fusion, or at 
least only with incipient fusion, of ores or^ metallic compounds in contact 
with oxidizing materials, in order to produce a chemical change or to eliminate 
a component by volatilization. In copper metallurgy, the oxidizing material 
is the oxygen of the air, and the object is the partial elimination of the sul- 
phur in the ore. 

When a metallic sulphide is heated to a sufficiently high temperature with access 
of air, sulphur dioxide is formed together with a metallic oxide. 

2MS + 3 O 2 = 2MO + 2 SO 2 

Proper oxidation requires a temperature sufficiently high to produce the necessary 
affinity between the oxygen and the sulphur, but it must not be so high as to cause the 
surface of the ore particles to melt and form a protecting layer which retards the 
oxidizing action and may even cause it to cease. This temperature may be obtained 
by the combustion of extraneous fuel or by the heat of oxidation of the constituenst 
of the charge. 

A second requirement for proper oxidation is a (constant and abundant supply of 
air in immediate contact with the surface to be oxidized. The necessity for an abund- 
ant supply is due to the fact that the oxidizing power of the air is lowered out of all 
proportion when diluted by the products of oxidation. In other words, if the air 
for oxidation is diluted with its own volume of gaseous products, the oxidizing effect 
of the resulting mixture will be much less than half the oxidizing power of pure air. 
The more rapidly the gaseous products are removed and replaced by pure air, there- 
fore, the more rapid wdll be the roa.st. 

The speed and the thoroughness of the roast are also governed by the size of the 
particles in the roaster. It is obvious that the finer the ore is crushed the greater 
will be tlie surface exposed to the oxidizing influences. However, as fine material 
always results in losses through handling, flue dust losses, etc., it will be seen that there 
is on economical point where the increased speed of roasting will be offset by the 
losses in material, the recovery of which necessitates expensive installations. The 
usual charge to a roaster consists of a mixture of relatively coarse and fine particles, 
and the roast is carried to a point where the overroasting of the fine particles balances 
the underroasting of the coarse particles, so that the final mixture from the roaster 
gives the desired sulphur content. The various types of apparatus used in roasting 
copper ores may be roughly classified as follows: heaps, stalls, cylindrical furnaces 
with superimposed hearths, blast-roasting apparatus. These methods will be found 
described at length in Section X. 

Types of Smelting Furnaces. — Two types of furnace are employed in the 
smelting of copper ores, the blast furnace and the reverberatory furnace. In 
the blast furnace the ore and fuel are in intimate contact, the fuel being burned 
by means of a blast of air forced through the interstices of the column of ore and 
fuel. Coke is generally employed as the fuel, thijugh of late years pulverized coal 
has been used to some extent. 
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In the reverberatory furnace, the fuel and ore are not in intimate contact, and the 
products of combustion of the fuel ptiss over the ore charge and are guided in their 
course by a more or less horizontal roof. The fuel used in the reverberatory furnace 
may be coal, pulverized coal, oil, or gas. 

The blast furnace is used mainly for the treatment of coarse ores over 1 in. in 
diameter, though in many cases much finer ore than this is treated successfully. The 
reverberatory furnace is almost universally used for the treatment of fine ores, such 
as table concentrates, flotation concentrates, flue dusts, etc., though the development 
of the modern reverberatory has progressed to the point where it has often been found 
to be more economical to crush the coarser ore to 3^ in. and treat in the reverberatory 
rather than in the blast furnace. 

The early types of blast furnac(^werc constructed of brick and the molten products 
were collected in a cruci])l(^ located at the lowest point of the furnace. This type of 
furnace had two grejat disadvantages in addition to its small capacity. These were 
the destruction of the shaft at the smelting zone, and the impossibility of making a 
clean separation between the slag and the matte. 

The first of these difficulties was overcome by the adoption of the water jacket, 
which not only eliminated the corrosion, l^ut also permitted a higher temperature to 
be carried, resulting in a more fluid slag. The second difficulty was solved by the 
use of the external s(ittler, which not only gave an efficient separation between the 
slag find matte, but also allowed the spt'cd of the furnace to be greatly increased. 

The modern blast furmice consists essentially of a long, narrow, wator-jat^keted 
shaft. The dimensions, parti(!ularly the length, vary considerably, being propor- 
tioned to the capacity of th(‘ f uriiacu^. 'I'he size of furnaces is expressed in terms of the 
dimensions at the tuyere level. 'I1ie width, Ijciiig limitf^d by the ability of the blast to 
penetrate the charg(‘, is generally from 44 to 48 in., though some furnaces are as 
narrow as 30 in., and others as wide as .50 in. As the width is pratdically fixed within 
narrow limits, the only maniuT in which capacity may be obtained is by increasing 
the length, and prescait-day furnaces have lengths of 180 in. to as much as 1,044 in., 
in the case of the liugc Anacon<la furnaces. The capacity of blast furnaces depends 
greatly upon local conditions but may be said to vary from 4.,5 tef 9.0 tons per square 
foot of hearth area per day. The bottom plate of the furnace is generally a heavy, 
ribbed,# cjist-iron ])late, supported by jackscrews. Upon this is ^lid a layer of fire- 
brick, though special (‘ircumstances may require the use of silica or chrome brick. 
Resting on the bottom plate a^(^ heav.y cast-iron plates bolted together, forming the 
walls of the crucible. These are generally heavily ribbed to insure the necessary 
strength and are lined with the same material as is used on the bottom. In some 
instances, the walls of the cTUciblo arc formed by a set of water jackets, but the usual 
practice is to have the lower tier of water jackets rest directly upon the bottom 
plate, the lower ends being below the level of the matte and slag to prevent their 
burning through in case sediment collects in the water space. 

When the blast furnacii is started, the radiation from the bottom and through 
the water jackets forms a crust of cViilled material which remains permanently. This 
crust adjusts itself to the operations of the furnace. If it wears down, the increased 
radiation soon restores it to the proper thickness, w^hile if the furnace cools down the 
radiation is decreased, the bottom builds up, and, when the furnace is once more at 
proper heat, the additional thickness is soon melted off. 

The water jackets are generally in two tiers. The lower jackets rest either on 
the crucible plates, or, as has been stated, directly on the bottom plate. The upper 
tiers are suspended from I-beams which carry the furnace superstructure. The upper 
jackets rest on the top of the lower jackets. The lower side jackets are given a slope 
towards each other to form a bosh, the upper and end jackets being vertical. The , 
amount of bosh depends upon the amount of reducing action desired, as the greater 
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the amount of bosh the greater will be the reducing action. The watexi jackets are 
constructed of flanged steel plate, the inner side being Me ^ H in. thick, the outer 
side being somewhat thinner, H to Me in. The water space between the sides of the 
jacket varies from 3 to 5 in. The jackets are stiffened by means of angle iron run- 
ning vertically in the water space. Each jacket has its individual feed and discharge 
pipes for the cooling water, and where water is plentiful each jacket may be on a 
separate circulation, but where water is scarce the outlet of the lower jackets may be 
fed to the upper jackets. 

The lower side jackets are pierced for the tuyere openings, there being usually throe 
tuyeres to each jacket. The opening is usually 4 to 6 in. and a steel thimble having a 
slight taper is welded to the inner plate and riveted to the outer plate. The tuyere 
pipes are generally of cast iron, and are bolted sec^urcly against the jackets, any leak- 
age being prevented by asbestos packing. There is usually a cap on the outer end of 
each tuyere pipe, which is readily removable to permit of punching the tuyeres when 
necessary. 

The tuy6re pipes are connected by short branches to the main bustle pipe which 
carries the main air supply, the amount of blast to each tuyere being regulated by 
means of a valve. The volume of air required by the furnace varies widely, published 
figures being 190 to 400 cu. ft. per minute per square foot of hearth area at a pressure 
of 32 to 40 oz. It is probable that the variation in these figures is due to their being 
derived by taking the revolutions per minute of the blowers or the piston displace- 
ment, neither of which are accurate due to the great amount of leakage. 

The breast jacket is located either in the side or the end of the furnace, the location 
being largely determined by the available floor space and the general arrangement of 
the plant. It contains the opening for the removal of the molten products of the 
furnace and is securely attached to the adjoining jackets. The slag spout conveying 
the slag and matte from the furnace to the settler is fastened to the breast jacket in 
such a manner as to permit of its ready removal when required with minimum delay 
to the furnace operations. The spout may be constructed of wrought iron, steel, 
copper, or bronze, and is water cooled. The blast is trapped by having the discharge 
end of the spout aliout IS in. above the opening in the breast jacket, so that as the 
molten material from the furnace rises in the spout there is sufficient head to over- 
come the pressure bf the blast. The shape of the slag spout depends upon the fancies 
of the designer of the furnace, there being many different designs in use, all of which 
appear to be giving satisfaction. 

The jackets generally carry the shaft of the furnace to the level of the charging 
floor, though in some instances they are surmounted by several courses of fire brick. 
Just below the charging flour there is generally a set of feed or apron plates for the 
purpose of distributing the charge imiforinly^ in the furnace by directing the fine 
material towards the center of the shaft while permitting the coarse material to fall 
along the sides. In many furnaces, however, these plates are omitted owing to local 
conditions making their use unnecessary. 

Above the level of the charging floor is the superstructure of the furnace with the 
arrangements for feeding the materials of the charge and the removal of the furnace 
gases. There are many modifications in the design of the superstructure. In many 
cases it is of brick to a height of 12 to 14 ft. surmounted by a steel hood for the removal 
of the gases. In other plants the entire superstructure is of steel and occasionally 
water jacketed. 

The general practice of charging is through openings in the sides of the super- 
structure, which may or may not be kept closed by doors between charging. With 
the development of mechanical charging devices the gases are in some instances drawn 
off below the point of charging, particularly where the gases are utilized in the manufac- 
ture of acid. Care should be taken to keep the charge openings closed between charges 
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on account of the great leakage of air that would otherwise occur, with its consequent 
detrimental effect upon the draft of the furnace. 

Air- or water-cooled steel hoods have marked advantages over the brick hood on 
accoimt of the ready removal of accretions therefrom, and there seems to be leas 
tendency for these accretions to form on this type of hood. 

The furnace gE|,pes, on leaving the hood, pass through a downcomer of brick or 
steel, then to some sort of a settling chamber to remove the coarse particles of dust, 
and thence to the stack. The recovery of the flue dust is a matter of serious impor- 
tance and the methods used will be discussed at a later point. 

The settler serves not only as a means for separating the slag and matte by 
reason of the difference in their specific gravities, but also as ti reservoir for the stor- 
age of matte until such time as i1^ may be required. A plant which treats its own 
matte^ therefore, requires a larger settler than does one that casts its matte directly 
into molds for shipment to some other plant for treatment. The settler is circular 
or oval, depending on local conditions and the plant layout, and consists of an iron 
shell lined with refractory material. The diameter may be as groat as 26 ft. though 
18 ft. is the usual dimension, the depth being 4 to 5 ft. The lining material varies 
greatly and depends upon the grade of the matte, and character of the slag, the most 
rapid wear being occasioned by the very corrosive and fiery low-grade mattes usually 
accompanied by basic slags. A high-grade matte and an acid slag seldom cause 
much trouble through corrosion. The settler lining, where there is little corrosion, 
may be made of fire brick or silica brick; where corrosion is feared, the lining is gen- 
erally of magnesite or chrome brick, or a combination of the two. Frequently 
chromite or chrome ore is rammed into place and faced with a row of bricks to 
hold it in place until the heat of the molten material sinters it together. The lining is 
frequently protected by spraying water on the st(5el shell of the settler; this keeps 
the outside cool and causes a crust to form on the lining. 

The roof of the settler is formed by the chilling of the slag, amounting to a thick- 
ness of several inches except at the point where the molten stream enters and leaves. 
The working platform was formerly this chilled crust but is at the present time a 
steel platform directly ovt^r the settler. • 

The slag overflows are constructed of cast iron coated with clay or other material, 
and ar^ situated as far away from the entrance as possible, thus Affording more time 
for settling. In many cascis these overflows are situated at tluj side of the settler, due 
to the arrangement of the plant. The slag quietly flows out of tlio settler and through 
these overflows into slag cars by which it is conveyed to the dump, or else it may be 
granulated by means of a strong stream of water, which not only granulates it but 
also carries it through launders to the dump. 

The matte is withdrawn from the settler through tap holes situated close to the 
bottom. There are generally two of these holes, though many plants have but one. 
The hole in the wall of the settler is IK to 2 in. in width and may be lined with chrome 
brick. Opposite this opening and attached to the shell of the settler is a copper or 
iron frame in which is securely wedged the tapfiing plate, which may be either iron 
or copper. The tapping plate has a 1-in. hole in the center into which a clay plug is 
rammed. A steel tapping bar is rammed through the clay plug until it almost 
reaches the matte and remains in that position until the tap is made. This is accom- 
plished by withdrawing the steel bar by sledging against wedges held in place on the 
bar by rings. The matte flows from the tap hole into the matte launder of cast iron, 
thickly coated with clay to protect it from corrosion, and from thence into the ladle, 
which is usually of steel lined with cement and clay. During the tapping the workers 
are protected from the heat and splashes of matte by means of a slotted sheet-iron 
door which is swung out of the way when not required. i 
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The charging of the blast furnace is accomplished in a number of ways. Hand 
charging gives the best regulation of coarse and fines and also possibly effects a saving 
of coke. It is frequently used up to capacities of from 300 to 350 tons per day and in 
some cases even higher. It, however, is expensive and too slow for the average modem 
blast furnace smelting 600 to 700 tons per day, and has, therefore, been superseded by 
some form of mechanical charging, particularly as the larger furnaces are less sensitive 
to slight irregularities in the charges than the smaller furnaces. 

The general plan in use at the present time is to charge the furnace from side dump 
cars, varying greatly in their design, which arc brought to the furnace in a train by a 
locomotive, and travel on tracks on each side of the superstructure. The contents of 
the car may be dumped at on<^ point or the ear may l)e moved along the length of the 
furnace while being dumped in order to distribute the charge. 

Another scheme provides for the charges being brought to the furnac-e in cars and 
dumped on the charging floor from wdiich they arc pushed into the furnace by a 
mechanical pusher. At Granby, the furnaces arc charged by pushing the charge 
cars into the furnace at the ends, from which they run on tracks inside the furnace to 
the point of discharge. Tliis gives a straight fall of material and provides good 
distribution. 

In some plants the coke used for fuel is mixed with the charge and then sent to the 
furnace, but the usual practice is to chargci it separately, and the utmost endeavor 
is made to keep the consumption of coke at a minimum, although this is not always 
easy to do, as the average furnace man considi^rs coke as a paruu^ea for all ills. 

Sizes of modern blast furnaces are shown in the following tabhi: 



Area, 

inches 

Iflast, 

ounces 

(Capacity, 

tons 

United Verde 

48 l)y 

320 

40 

050 

United Verde ]0xtef.sion . . . . 

48 by 

312 

30 

600 

Mason Valley 

06 by 

420 

33 

1 ,000 

Calumet and Arizokia 

AH by 

4H() 

35 

.000 

Garfield 

48 by 

240 

40 

600 

Ta(;oma .... 

15 by 

201 

35 

050 

Anaconda 

rA) l),v 

012 

40 

1 ,400 

Anaconda 

.W by 1,044 

40 

2,500 


The modern furnaces are vastly more efficient and economi(^al than those formerly 
in use. Due to the large amount of material iii the furnace, they are less susceptible 
to slight irregularities. There is a saving of fuel, possibly amounting to 10 per cent, 
and there results a higher furnace temperature, giving hotter slag and enabling a more 
siliceous charge to be run. There is a marked decrease of incrustations, which elimi- 
nates the nec.cssity for much barring. It has been found possible to change a leaking 
jacket without shutting the furnace down. This is accomplished by blocking off the 
tuytVes in the leaking jacket as well as those in the adjacent jackets and allowing a 
crust to form which is sufficiently strong to support the charge during the short period 
necessary to make the change. 

There are thrtH* distinct processes in blast-furnace smelting: (1) The reduction 
process, in which a considerable percentage of coke, 15 per cent, is used. The blast 
oxidizes the carbon of the coke and but little of the sulphur in the ore. This is the 
process most generally used. (2) The pyritic process, in which raw, massive sulphides 
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are smelted in a highly oxidizing atmosphere without the addition of earbonaoeous 
fuel. The heat generated by the oxidation of the sulphur and iron is sufficient to 
maintain a continuous operation. (3) The partial- or semipyritic process in which 
sufficient heat is not generated by the oxidation of the sulphides and carbonaceous 
fuel is added to the charge in just sufficient quantity to overcome the deficiency. 

The Reductioil Process. — This process is characterized by the use of carbona- 
ceous fuel as the principal source of heat. The sulphur content of the charge 
is sufficient to form the desired matte, and any oxidation is generally undesirable. 
The percentage of coke, which is the usual fuel used, varies from 12 to ISjKjr cent. 
An excessive amount of (ioke is liable to cause a reduction of iron from the slag, 
while with a shortage the furnace becomes chilled and suffers a loss of tonnage. 

The use of such an amount of coke means that the furnace always contains a largo 
mass of glowing coke for a considerable distance above the tuyeres, and consequently 
the oxygen in the blast is consumed almost immediately, resulting in a strong reducing 
atmosphere. Such being the case, it is readily seen that any sulphides present will 
melt down unchanged and form matte. An ore high in sulphur would, therefore, 
yield a large amount of matte which is expensive to treat, and it is clear that little 
would be gained by the rediKung smelting of such an ore, and that a portion of tho 
sulphur must be elinunj»t(‘d by a roasting process previous to the treatment in the 
blast furnac^e, or else the sulphides may lx; mixed with oxide copper ores to increase 
the grade of the matt(‘. A certain oxidation of sulphur may be acc-omplished in the 
blast furna(;c by keeping tin; on* column low and increasing the blast,' but such pro- 
cedure generally r(‘sults in a very hot top anti high tcmiieratures of the waste gases, 
and in general is not economical. 

Hegarding tlu^ chemistry of the process, the' blast entering through the tuyeres 
oxidizes the carbon of the coke* to C() 2 , which is then partly reduced to CO by \the 
glowing mass of coke in the furnace, the r(;sulting gases being a mixture of CO, CO 2 , 
and the nitrogi'n of the air. As these gases rise in the furnace and reduce the oxidized 
materials, the }>(;rcentage of CJOo increases and will predominate in the waste gases. 
Any remaining (X) is usually burned to (X )2 in the upper pai*t oT the furnace. 

As the charge' descends in the furnace;, its moisture is driven off almost immedi- 
ately, *fol lowed by the dccornjiosition of such c;arboiiates as may be present. At a 
lower point the oxides and silicates of copjicr will be reduced, and on coming into 
contact with metallic sulphides will be converted into copper siiljihides which, with 
any existing sulphides, melt and flow downwards to the crucible collecting the silver 
and gold as th(;y d(;scend. Ferric oxiile (hcaOj), is reduced to ferrous oxide (FeO), 
which combines with tho silica to form slag as docs any lime or other flux added to the 
charge. When the molten materials have collected in the crucible below the tuyeres 
the various sulphides adjust themselves to form the proper matte, and likewise the 
various slag components adjust themselves to form the proper slag. 

The Pyritic Process. — The feature of this type of smelting is that the heat 
necessary to conduct the operation is furnished by the oxidation of the constitu- 
ents of the ore, little or no extraneous fuel being used for this purpose. Up to 
2 to 3 per cent of coke may be added to the charge purely as a preheating medium 
and possibly to secure a more open charge. It certainly never reaches the smelt- 
ing zone. 

The essential requirements for pyritic smelting are siliceous material, which is 
high in free silica, and heavy pyrite ore. It is necessary for as much of the silica as 
possible to be in the free state in order that it may combine with the ferrous oxide at 
the instant of its formation. Combined silica is unsuJtcd to the pyritic process as it 
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is already united with one or more bases and consequently requires a large amount of 
heat to break up the existing combinations and form new ones with the ferrous oxide, 
and generally in the pyritic process there is not any too large a margin of heat. 

The pyrite ore not only furnishes the heat for the operation, but also the sulphur 
for the matte required, and it must consist largely of iron pyrites, as any oxidation of 
the -copper sulphides would result in the slagging and consequent loss of the copper 
oxide. 

As the charge sinks in the furnace, any moisture present is quickly driven off, 
followed by the dissociation of the limestone added as flux. The free sulphur in the 
sulphides will be expelled as heavy fumes of elemental sulphur, and at a point just 
above the smelting zone the pyrite has been changed to FeFcS, which is the true 
pyritic fuel of the process. ^ 

The blast entering the furnace through the tuyeres strikes the hot fused sulphides, 
oxidizing the Fe to FeO and the S to SO2 The FeO simultaneously unites with the 
silica to form a ferrous silicate slag, while the SO2 rises through the charge and pre- 
heats it assisted by the oxidation of such coke as may be present : 

C -h SO2 = S + CO2 

The matte collects below the tuy 6 res, as does also the ferrous silicate slag after uniting 
with the lime to form the final slag. The fused mixture then flows through the spout 
to the settler. 

The grade of the matte produced and the acidity of the slag are controlled by the 
volume of air blown into the furnace. A reduction in the amount of air will cause 
less of the sulphide to become oxidized, and the grade of the matte will, therefore, 
be lowered. At the same time the slag will become more siliceous, as less iron is 
oxidized, and this condition will interfere Arith the process unless the amount of sili- 
ceous material in the charge be reduced. On the other hand, any increase in the 
volume of air will o.xidizc an additional amount of iron, raising the grade of the matte 
and increasing the iron in the slag unless additional silica is provided. 

A peculiarity of the pyritic process is the artificial bosh formed on the side and 
end walls of the furnace. This contracts the smelting area to a long, narrow slit. 
This bosh is composed of fragments of quartz stuck together by^lag or by superficial 
softening, and seldom contains matte. Its position in the furnace is not fixed, but 
varies under different conditions. 

While in reducing smelting the tuyeres arc bright, in pyritic smelting they are dark 
and are bridged across. It has been stated that a bar can be passed through th (3 
furnace from one tuyere to the opposite tuyeVo and be cool when withdrawn. This 
indicates that the zone of fusion is well above the tuyere line, and that the molten 
material passes through channels between the tuyeres. 

Partial pyritic smelting is used when the available sulphide ores are not massive 
but consist of pyritic material disseminated throughout the gangue, which is generally 
low in free silica and which may contain some alumina. »Such ores are not capable of 
furnishing by themselves sufficient heat for the continuance of the process, and it is, 
therefore, necessary to add carbonaceous fuel. In some instances H; has been found 
advantageous to preheat the blast, as thereby a saving is accomplished in the amount 
of fuel used. 

In the partial pyritic process the slags are rather low in iron, as the presence of 
coke requires much of the oxygen of the blast for its combustion, and there is less 
available for oxidizing the iron in the sulphides. The excess silica will, therefore, 
have to be taken care of by the use of lime. In order that there may be any consider- 
able pyritic effect, a large amount of blast is necessary and this usually results in the 
furnace having a hot top. 
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The smelting zone is nearer the tuyere level and is not so contracted as in pyritic 
smelting, but is higher and more contracted than in reducing smelting. The tuyeres 
are frequently dark and require a great deal of punching to keep them open. 

The principal features of the blast furnace for the treatment of coarse ores are that 
its construction is simple and the erection is comparatively inexpensive. Where small 
installations are required they can be purchased complete and are qasily transportable 
from one location to another. The furnace is easily started and shut down, and the 
operation is relatively cheap. The fuel consumption is low and there is the possibility 
of utilizing the fuel value of the iron and sulphur in the charge, and the heat is effi- 
ciently communicated to the individual parts of the charge. 

The blast furnace is exceedingly elastic in its operation, and changes in the ore 
supply arc readily handled with little trouble. lt«is capable of handling practically 
every class of copper-bearing material in lump form, and, with modern sintering facili- 
ties, much fine material can also be treated that would otherwise be uneconomical 
to handle. 

The reverberatory furnace is used for the treatment of fiiu* on's, and the 
fuel and ore are kept separate, the former b(‘ing burned in a separate compart- 
ment from which the flame and hot gases pass f)\'er tlu* on*, ])c*iiig guided in their 
course by a more or less horizontal roof. The heating of the on^ is aca-omplished 
by the radiation from the roof and side walls rather than by direct contact with 
the hot gases. 

It is particularly suitable for fine materials on account of the relatively (piict 
atmosphere due to there being no blast, and there are greater opportunities for the 
settlement of dust than in the blast furnace. As the furmice atmosphere is neutral, 
or very nearly so, it has little or no influence on such reactions as occur in the furnace, 
and it, therefore, follows that the reverberatory is purely a melting furnai^e. 

The functions of the furnace are that it shall melt down ore and flux as rapidly as 
possible with a minimum of heat loss; it should permit the formation of matte and slag 
from the mixtine of oxides, sulphides, and sulphatiis in the charge; and the tempera- 
ture must be suffici^mtly high to render the matte and slag perfectly fluid itu. order 
that there may be complete settling with a minimum of loss in the slag. 

In order that the furnace may melt as rapidly as possible, it is necessary that there 
be a good draft, in order that the great volume of gases which have been cooled down 
by their contact with the roof, walls, and charge be replaced as speedily as possible by 
fresh, hot gases. I^nless this condition is j)rcscnt, there will result a serious reduction 
in the tonnage that the furnace will handle. 

In order to provide the required heat for thc'melting, it is necessary that fuel he 
burned as fast, as possible. With grate firing, this requires largii grate area, as thereby 
there results loss cooling of the furnace by the frequent additions of fuel, a higher 
calorific intensity due to large amounts of fuel being burned at one time, and a better 
combustion. When pulverized coal or oil is used, sufficient burner capacity must 
be used to produce the reciuired number of heat units per minute. 

The heat losses are kept at a miniinuin by the elimination of side-door charging 
with its consequent admission of large volumes of cold air; the walls and roof are made 
as thick as economically possible to reduce the radiation losses; a deep bath of molten 
material is kept on the hearth continuously instead of tapping the entire contents of 
the furnace and recharging with cold material as in the early methods of operating. 
These cold charges of the early smelters required a very large part of the furnace time 
to heat up and bring to the point of fusion, the actual operation of smelting occupying 
but a small proportion of the time. The cold material formed a blanket on the top 
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of the charge through which the heat penetrated with difficulty, and it was necessary 
to stir the semifused mass frequently in order to prevent it from sticking to the 
bottom. In the present method the bath of molten material is highly superheated 
and readily gives up its heat to the fresh charges which are made frequently and in 
small amounts. 
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The heat of the gases is utilized to the greatest possible extent by makmg the fur- 
nace as long as will permit the charge being kept in a fluid condition without an exce^ 
sive consumption of fuel, and such heat as necessarily leaves the furnace as sensible 
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heat in the waste gases is, to a large extent, recovered by passing them through 
waste-heat boilers. 

The hearth is of silica sand 24 to 30 in. in thickness. The sand is given a prelimi- 
nary calcining and is then leveled and sintered into place by long, continuous firing. 
As the modern practice is not to drop the charge on the hearth, but on a bath of molten 
material which is supported by the hearth, there is little wear on the latter, resulting 
in a very long life. 

The length of the hearth depends upon the capacity desired. As the width of the 
roof is limited by constructional details, capacity, therefore, depends upon the length, 
and in the most recent furnaces this has reached the enormous figures of 120 to 130 ft. 
The old practice of having a vault under the hearth was abandoned on account of the 
great loss of heat through the hearth which seriougly interfered with the rapidity of 
the smelting operations, and all modern furnaces have solid bottoms. 

The side walls of the furnace are constructed of silica or magnesite brick and 
are thicker below the slag line than above to better withstand the additional pres- 
sure. The roof of the furnace is universally constructed of silica brick 15-20 in. 
in thickness, and constructional problems limit the width to 28-30 ft. 

The entire furnace is heavily ironed and stayed for resisting the thrust of the 
hearth and roof, a modern installation having 20-in. I-beams spaced on 5-ft. 
centers, the bottoms held in place by concrete abutments, the top of the buckstays 
being held by heavy tie rods. 

Modern practice demands that the reverberatory charge be preheated. As the 
fine ores which form the bulk of the charge usually have to be roasted, particular 
effort is made to deliver the resulting calcine at the highest possible temperature. 
The flux is frequently added to the roasters in order that it may be charged at the 
same temperature as the remainder of the charge. The charge is introduced into the 
furnace through charge holes in the roof. Th(\se are frequently water cooled and are 
usually located along the side W'alls for about half the length of the furnace. The 
object of charging along the side walls is to keep them (iovered with the charge and 
thus protect them from the a(!tion of the hot gases. The usual charge is about 10 to 
15 tons at one time* and Jis this is introduced into the furnace it floats and spreads 
out on the bath of molten material on the hearth. The highly superheated bath 
readily gives up heiA to the fresh charge and it receives further heat from the eradia- 
tion from the roof and quickly melts. 

The resulting slag and matte now move towards the tapping end of the furnace 
and have ample time in which to separate cleanly. The slag may be tapped inter- 
mittently or allowed to flow off continuously, the latter coming more into favor as it 
results in cleaner slags. The matte is tapped from the fore part of the furnace, as 
required by the demands of the converters in a manner similar to tapping a blast- 
furnace settler. 

The fuel used in the modern large reverberatory furnace is pulverized coal or fuel 
oil, depending upon the relative cheapness of the two fuels. When pulverized coal 
is used, it is ground so that 80 to 90 per cent will pass a 200-me8h screen, and is 
blown into the furnace wdth about 15-oz. air pressure. The coal used may vary in 
ash content from 6 to 7 per cent up to as high as 15 to 20 per cent without giving 
trouble. The ratio of charge to fuel varies from 5 to 7^. The burners are inserted 
directly in the rear wall of the furnace and several burners are used, four to six being 
the usual number. The type of burner varies in each plant with apparently equally 
satisfactory results. 

When using fuel oil in the furnaces it is generally 17 to 19 B6. and is preheated to 
about 200 to 250® F. before burning, as this results in fuel economy. The amount of 
fuel oil used per ton of charge varies from 0.50 to 0.70 bbl. When as much heat as 
possible has been extracted from the gases, they are passed through waste-heat boilers 
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for a further recovery. These are 500 to 750 b.hp. and they frequently are con** 
nected to a common cross flue extending from all the reverberatory furnaces, so that 
in case of a shutdown of a furnace the boiler capacity will not be lost, and if a boiler 
is down for cleaning or repair the other boilers are available for the utilization of the 
waste heat. It has been found to be advisable to have the flues from the furnaces 
to the boilers slope slightly towards the furnaces, as otherwise trouble may be experi- 
enced from the accumulation of slag. 

In the reverberatory furnace any reducing action is performed by the sulphur in 
the charge. This reacts with the oxides and sulphates to produce metallic copper 
and sulphur dioxide. The metallic copper is then sulphurized by the sulphides of 
iron present, oxidizing the iron to FeO, which combines with the silica present to 
form the slag. The rcverberator^i furnace will make a higher silica slag than a blast 
furnace, due to the higher available temperature. Any iron oxide (Fe208) present 
in the charge is acted upon by the sulphides and reduced to FeO, uniting with the silica. 

The grade of matte produced by the reverberatory furnace depends upon the 
degree of roasting that the ore has received. If a higher grade of matte is desired, the 
roast is carried to a higher degree, and if the matte is too high, the roast is not pushed 
to the same completeness. In the roasting, care must be taken that no magnetic 
oxide of iron (Fefl 04 ) is formed, as such material forms a mush in the furnace and is 
difflcult to remove. When it occurs the remedy is to add a large amount of green 
sulphide ore to the charge, which will reduce the magnetite to FeO. 

Comparing blast-furnace and reverberatory-furnace smelting, the former requires 
coarse ore in order to give the best satisfaction, little space is required, and the 
investment is low for any given tonnage. The fuel, though small in amount, is rela- 
tively expensive, and considerable power and a largo amomit of cooling water are 
required. Blast-furnace slags can be made between very wide limits, but the addi- 
tion of a large amount of flux results in the production of a large amount of slag with a 
corresponding metal loss. 

The reverberatory fiunace is the most satisfactory and advantageous apparatus 
in which to treat fine ores, but it usually requires an extensive roasting plant and in 
itself occupies a large amount of space and locks up a large amount of valuable metal. 
Hence the investment is large for a given tonnage. While large amounts of low-priced 
fuel afe used, a large proportion of the heat in the gases is recovered in waste-heat 
boilers and this greatly reduces the power cost. The amomit of slag, and, conse- 
quently, the metal loss, arc less than with the blast furnace. With the ever-increasing 
amount of fine ores to be treated the reverberatory furnace is fast displacing the 
blast furnace and it has been found advantageous in certain localities to use reverbera- 
tory smelting for coarse ores that under ordinary conditions would go to the blast 
furnace. 

Converting. — When copper and other valuable constituents of the ore have 
been concentrated into the matte, and the worthless material disposed of as slag, 
the next step in the process is the removal by oxidation of the iron and sulphur of 
the matte. This is accomplished by transferring the molten matte to a refractory 
lined vessel, known as a converter, and forcing thin streams of air through the 
liquid mass. The reactions involve the rapid oxidation of the iron and sulphur 
and the fluxing by silica of the iron oxide thus produced. The sulphur dioxide 
formed by these reactions passes off in the waste gases. The heat of oxidation is 
such that the materials are kept in a molten condition and the temperature is 
maintained well above that necessary for the formation of the slag, so that the 
process is independent of heat from external sources. The copper, together with^ 
any silver or gold, is reduced to the metallic form, and is cast into suitable sha^s 
for transportation to the refinery for further treatment. 
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The converter is a cylindrical iron or steel vessel lined with refractory material. 
A conical mouth is provided through which the matte is introduced, the slag and blister 
copper withdrawn, and the gases pass to the stack. The air for the oxidation is intro- 
duced through the side of the converter by means of tuyeres leading from an wind 
box attached to the outside and having a connection with the blast main. 

The early types of converters were blown from the bottom, sipiilar to those used 
in the steel industry, but this method was not a success, due to the chilling effect of 
the blast on the copper, which, when produced, sank to the bottom of the converter 
and froze in the tuyeres, thus stopping the operation. This was remedied by raising 
the tuy^res so that there was space for the copper to settle underneath the blast. 

Converters are classed as upright or horizontal, depending upon the direction of 
the long axis of the cylinder, and arc so mounteck that they can swing in a vertical 
plane for the purpose of receiving or withdrawing the molten materials. The upright 
typo of converter has the advantages that, owing to the greater depth of matte, the 
oxidation is more rapidly conducted, the lining is more efficiently supported, and the 
wear is found to be less in amount and more uniformly distributed. The greater 
depth of matte, however, necessitates a greater blast pressure, and the operations 
are more difficult of control than in the horizontal type. 

The horizontal type takes the same amount of matte in a less depth, thereby 
requiring a smaller blast pressure, the converter can be tilted in order to regulate the 
depth over the tuyt^res, and the operation is easier to control. 

The refractory lining may be composed of either acid or basic material. The acid 
lining, though formerly universal, is practically entirely supplanted by the basic 
lining. The functions of the lining arc to preserve the steel shell and form a recep- 
tacle for the molten materials, and to prevent radiation losses to the greatest possible 
extent. 

In the acid lining the material used should contain tin* largest possible amount of 
free silica. The material generally used is low-grade siliceous ore, which, while it 
may not be as desirable metallurgically as quartz, is smelted for nothing, and the 
values recovered from an otherwise profitless material make the substitution eco- 
nomical. The ore is crushed and mixed with a binding material in a mill, and is 
pounded down hard in the bottom of the converter by tamping machines until it 
reaches to the proper distance below the tuyere level. At this point a si, eel or 
wocxlen form is placed in the converter and the lining material is rammed around the 
form in layers about 6 in. in thickness. When the operation is completed the form, 
which is sectional, is removed and the tuyere holes are punched in the lining. The 
hood is then inverted and lined and placed upon the body of the converter and 
securely bolted in place, the joint being covered with clay. 

The freshly lined converter is now dried slowly by a wood fire, after which coke is 
added and kept burning by an air blast through the tuyeres for 5 or 6 hr., after which 
the converter is ready for operation. 

The basic lining is almost universally magnesite brick, the thickness varying 
from 9 in. at the top and sides to 18 in. along the tuyere line and bottom. The brick 
may be laid in magnesite pow'der and linseed oil, or sodium silicate may be substituted 
for the linseed oil. In order to furnish room for proper expansion liners consisting of 
thin strips of w^ood are placed at intervals along the sides. After lining the shell, it 
is carefully warmed to prevent spalling and is then ready to be placed in the stand. 

The air for oxidizing the sulphur and iron is admitted through tuyeres usually 1 in. 
to l}4 in. in diameter, placed about 8 to 12 in. above the bottom. The tuyeres are 
connected to an wind box having openings opposite each tuy^re to permit of punching 
when necessary. These openings are provided with ball valves to prevent leakage 
of air while the converter is operating. The air is supplied at a pressure of 10 to 
20 lb., depending upon the type of converter used and the depth of matte carried. 
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The amount of air required will depend, of course, upon the grade of matte being 
converted, but will average 160,000 to ^,000 cu. ft. of free air per ton of blister 
produced for a 40-per cent matte. 

The grade of matte which is most economical to treat in the converter depends 
upon the cost of the preceding operations. A low-grade matte, low in copper but 
high in iron, has t^e advantage of enabling a high temperature to be obtained due to 
the fuel value of the FeS. On the other hand, the amount of iron that must be 
slagged requires a corresponding amount of silica, and produces a large amount of 
slag carrying considerable copper which is too valuable to waste, and must, therefore, 
be retreated for the recovery of the copper contents. The amount of copper per 
ton when using low-grade matte is relatively small, and the cost of treatment there- 
fore high. • 

A high-grade matte, high in copper but low in iron, has the disadvantage of con- 
taining less heat, and there may be difficulty in maintaining the desired temperature. 
The amount of slag produced is decreased with a consequent lower retreatment cost 
per ton of copper produced, and the cost of converting is reduced due to the larger 
amount of copper per ton of matte. The economical grade is reached, other things 
being equal, when the cost of fluxing the iron in the regular smelting operations is 
less than doing so in the converter. 

The operation of acid converting is conducted by first heating the converter to 
the required temperature by the use of wood and coke. The i)ropor amount of matte 
is then intnKluced through the mouth, the blast turned on, and the converter turned 
up so that the mouth is under the hood conveying the gases to the stack. The tuytires 
are now below the surface of the matte and the oxidation commences. There ore 
two main stages in the operation: first, the elimination of the iron, or blowing to white 
metal; and, second, the elimination of the remaining sulphur, or blowing to blister. 

During the first stage the iron sulphide is oxidized to FeO, the sulphur oxidizing 
to SO 2 and passing off in the waste gases. Tlie FeO immediately attacks the siliceous 
lining to form the slag. Any copper that may be oxidized is imrncdiatcsly resulphur- 
ized by reacting with the iron sulphide. As the oxidation prcjpeeds and the iron is 
slagged, the matte remaining in the converter gradually approaches white metal 
(CuaJJ). This change may be followed by noting the character of the flame issuing 
from the mouth of the converter. At the start of the operation it has a reddish 
color changing to a green, and as the white-metal stage approaches, to a pale blue. 
If, however, an impure matte is being converted the flame indications are unreliable, 
and dependence is placed upon the appearance of the layer of matte upon the punch 
rod which is inserted in the tuyeres to keep them open for the passage of the blast. 
When the white-metal stage has been reached, it is indicated by the working of the 
matte on the rod. 

Wlien the iron has been slagged, the converter is turned down, the blast shut off, 
and the slag skimmed into a ladle. In order to determine when the slag has been 
skimmed clean, a rabble is held under the stream and any white metal coming over 
will be seen by its working on the iron of the rabble. When tfie slag has been 
skimmed, a fresh charge of matte may be introduced and the operation repeated. 
This is known as doubling, and is done for several reasons. If the temperature of the 
chargq is too low, there may be danger of freezing during the finishing blow; the fresh 
addition of matte, therefore, gives fresh fuel with which to raise the temperature. If 
the matte is low grade, there may not be sufficient white metal present to cover the 
tuyeres and, therefore, more matte must be added. If the converter cavity has 
become enlarged, the same condition prevails, and sufficient matte is added until the 
amount of white metal remaining is sufficient. 

During the second stage the sulphur in the white metal is oxidized, the sulphulr 
passing off in the gases as sulphur dioxide, the oxidized copper reac'^ting with the 
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^remaining white metal to produce metallic copper and sulphur dioxide. The copper 
settles below the tuyere level and collects any silver and gold that may have been in 
the matte. During this period the flame of the converter changes from a pale blue to 
reddish brown, and the metal on the punch rod becomes more and more coppery. 
Wlien the charge is finished, the converter is turned down, the blast shut off, and the 
metallic copper poured into a ladle for casting, or it may be cant direct from the 
converter. The former practice is to be preferred, as the latter causes too much 
delay to the converter and keeps down the tonnage treated per day. 

The main objection to the acid process of <!onvertiiig is the rapid destruction of the 
lining by the union of the FeO with the silica, the latter being the sole source of silica 
supply. The life of an acid lining is limited to a relatively few charges, depending 
upon the grade of matte converted, a low-grade ihatto being more destructive than 
one of higher grade, due to the larger amount of iron slagged. The expense of con- 
stantly renewing the lining was heavy and for years efforts were made to find a 
lining that would not be attacked by the iron. After many attempts and failures 
this was successfully accomplished by Peirce and Smith. 

Basic-lined Converters. — The operation of converting in the basic-lined con- 
verter is similar to the acid operation as far as the reactions- go, but the silica for 
slagging must be supplied from some external source. As the charge of rnatte is 
in the converter, the necessary amount of siliceous ore is added, the blast turned 
on, and the converter turned up. The flux is generally thoroughly dried before 
being added to the matte to avoid explosions, though in some plants the siliceous 
flux is blown into the converter and spreads out over the matte in thin layers and, 
consequently, does not have to be dried. 

The basic-lined converter cannot be operated at the temperature of the acid 
converter on account of the destruction of the magnesite lining at high temperatures. 
The lower temperature required neciessitates a groat deal of punching of the tuyeres. 
With a low-grade m^itte there is a greater heat liberation than when a high-grade 
matte is being converted, and great care is necessary that the bath be not overheated. 
Too high a temperature retards the converting, attacks the lining, and tends to warp 
the converter shell. On the other hand, too low a temperature makes the tuyere 
punching very difficult, makes a sticky slag, and is liable to cause the formation of 
magnetic oxide of iron which builds up on the bottom and sides of the converter. Due 
to the nature of the proce.ss, the basic converter operates at a lower temperature than 
the acid process, mainly on account of the large quantities of cold ore added as flux. 

The critical stage of the operation is at the finish of the slagging period. If there 
is insufficient silica present to take care of the iron, magnetite will be formed, while 
an excess of silica causes a sticky slag. Magnetite is also caused by an insufficiency 
of silica during the blow to white metal, and this has been taken advantage of to give 
added protection to the lining. Wheeler and Krejci at Great Falls, Mont., patented 
a process of blowing a low-grade matte with either no silica or else a very small amount. 
This causes the iron to form magnetite, which covers the magnesite lining to almost 
any desired thickness and thus greatly prolongs the life. When this coating wears off 
in the course of the succeeding operations, it may be readily renewed during the next 
charge. 

The main advantages of the basic converter over the acid converter are: the greatly 
decreased cost of lining; the use of much larger converters which make for labor and 
power economies; a lower-grade matte can be treated than in the acid converter; 
the copper in the slag is lower; low-grade ores can be used for flux that could not other- 
wise be treated profitably; there is less slop from the converters; and the copper is 
produced in a shorter time. 
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The slag from the eonverting process, contaiiung as it does several per c^t of 
copper, is too rich to be thrown away and is returned to the blast furnace or reverbera* 
tory, or may be treated in a slag-cleaning furnace. At some plants, it is the custom 
to pour the molten slag into the blast-fumacc settler. This is done on account of 
the blast-furnace charge being so high in iron that the added iron from the con- 
verter slag is undesirable. The economy of this operation, however, is a disputed 
question as many metallurgists claim that the copper is not recovered to any great 
extent, but simply mixes with the gr^at mass of blast-furnace slag and is lost. 



Fig. 3. — Great Falls 20-ft. basic converter. 


The Smelting of Oxide Ores. — Where oxide ores occur, such as in the Katanga 
district, these are smelted in blast furnaces with a large percentage of coke. 
The product is known as black copper and its composition depends upon the 
impurities in the ore. A clean ore will give a high-grade copper, while, if much 
iron or nickel be present, these will be reduced and will lower the grade of the 
copper. Usually a small amount of matte is produced, due to the sulphur in the 
coke or small amounts of sulphides in the ore. Where there is little or no sulphur 
present, the copper losses in the slag are apt to be high, while a small matte fall 
tends to clean the slags. 
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The blister copper produced from any smelting process is generally cast into slabs 
approximating 18 by 28 in. and 3 to 4 in. in thickness, weighing 300 to 350 lb. There 
is just sufficient draft to the slab to permit of its ready removal from the mold. At 
some plants the practice still continues of casting the old type of Chile bar, which is 
about 8 by 20 in. with a thickness of from 6 to 8 in. This type of bar is very difficult 
to sample properly, on account of the segregation of the silver and gbld, and it is also a 
difficult pig to handle easily. The Japanese frequently cast small slabs weighing in 
the neighborhood of 50 lb. each, which are very expensive to handle and sample, \vhen 
considered o i the ton basis. 

Of late years, the question of moisture in blister copper has been given consider- 
able attention. When a slab is cast, there are numerous cavities in the interior, 
due to the gases. These cavities are connected with the surfai^c', of the slab by capil- 
lary tubes, and if a slab is cooled by dumping it into a bosh, (jonsiderable water may 
be drawn into the (cavities. It is not unusual to find slabs containing as much as 
0.2 per cent moisture, and this question is the cause of much controversy between the 
smelter and the refiner as to what allowance should be made to cover this moisture 
(see p. 113). 

In all smelting processes more or less flue dust is produced. The roasting furnaces 
arc the chief offenders in this respiud., though they are closely followed by the blast 
furnaces. The reverberatories having a relatively quiet atmosphere do not produce 
much dust, while that produc(id by the converters is largely in the form of fume from 
the volatile metalloids. The collec;tion and retreatment of flue dust is a considerable 
item in the cost of operation, and every po.ssible means is utilized to keep its formation 
down to the lowest point consistent with eccmomic.al op(*ration. The recovery of flue 
dust may be accomplished by oik; or more of the following methods: passing the gases 
through larger dust chambers, in which the velocity of the gases is so reduced that all 
but the finest partic^les of dust are settled out. The gases may be filtered through 
woolen bags after being previously cooled to the proper temperature; this is an expen- 
sive method and requires a heavy investment in flues and bag house. The gases may 
be passed through a, C'ottrell electrostatic precipitator in which the .solid particles 
are thrown out of the gas stream by the action of a high-tension electrostatic field. 
In the Roesing system, the gases flow through dust chambers in which are suspended 
wires or baffles, and the dust particles impinging upon these adhere, and when suffi- 
cient has accumulated the gases arc diverted into another chamber and the wires or 
plates are then shaken to dislodge the dust particles. 

The treatment of recovered flue dust c.onsists in briquetting and smelting in the 
blast furnace, a method formerly widely used but now falling into disuse; agglomer- 
ating in rotary kilns, or Dwight-Lloyd sintering machines; and smelting in the blast 
furnace, or by direct smelting in the reverberatory furnace — the most economical 
method. 

Metal loss is a very important item in the smelting cost, and one which is watched 
and studied very carefully so that it may be reduced to a minimum. The three 
chief sources are dust losses in handling, metal contents of slags, and dust and fume 
losses through the stacks. These losses arc a matter of more importance to the custom 
smelter than to the company owning its own mines, as in the latter case the loss is 
merely that of the cost of the metal to the point of loss and the potential profit, whereas 
in the custom smelter the miner has been paid for the contents of his ore and losses 
represent the loss of actual profits. 

The Refining of Blister Copper. — The blister copper produced in the smelting 
process contains so much impurity that it is unfit for commercial consumption 
without refining. The following table shows the composition of various grades 
of blister copper produced in the various smelters: 
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Cu 

% 

Ag 

oz. p.t. 

Au I 
oz. p.t. 

As 

% 

Sb 

% 

Pb 

% 

Ni 

% 

Zn 

% ‘ 

Fe 

% 

S 

% 

98.8 

4.50 

0 01 

0.004 

0.002 

0.018 

0.41 

0.016 

0.15 

0.10 

99.5 

2 50 

0.02 

0.035 

0 015 

0 001 

0.04 

0.002 

0.03 

0.06 

98.8 

30.25 

0.31 

0.10 

0.Q40 

0.150 

0.050 

0.120 

0.25 

■Ba 

98.4 

111.0 

0 205 

0.02 

0.178 

0.001 

0.005 

0.003 

0 13 


99 10 

73.3 

2.09 

0 01 

0.01 

0 048 

0.005 

0.036 

0.056 

■ 


In earlier days the rcfiniiiK of blister copper was performed entirely in reverbera- 
tory furnaces, but this has been entirely supplanted by the electrolytic process. Of 
the former process, it is sufficient to state that it was based upon the fact that when 
(topper sulphide and chopper oxide were melted together, the resulting reaction formed 
metallic copper, the sulphur passing off in the waste gases as sulphur dioxide. Silver 
and gold were recovered to a considerable extent by first having a small copper 
fall in the matte which served as a collector for these metals together with much of 
the impurities present. The enriched portion was worked up separately, while the 
purified white metal was (uirried along to pure metallic copper 

The modern process of refining may be considered to be divided into the fol- 
lowing steps: (1) A preliminary fire refining, to remove as much as possible of the 
impurities, followed by the casting of the copper into anodes. (2) The electrolytic 
pro(;ess, consisting in dissolving the anode by means of the electric current and depos- 
iting the pure copper on the cathode. In this step the remaining impurities are 
removed and any silver and gold contained in the anode arc collected as a mud or 
slime to be recovered by a subsequent treatment. (3) A final furnace treatment of 
the cathodes, which are not in a form suitable for general commercial use, in order 

that they may be converted into the proper physical shape for the consumer. 

• 

Furnace Refining. — As the methods of operation of the anode and cathode 
furnaops are almost identical, one description will suffice for both. The furnace 
treatment is based upon the relatively weak affinity between copper and oxygen, 
as compared with the affinity betv/ecn oxygen and the impurities in the copper. 
The process, therefore, consists in an oxidizing fusion in order to volatilize some 
of the impurities and to oxidize the remainder, using copper in the form of oxide 
as a scorifying agent. This being done, the impurities will either pass off in the 
furnace gases or else float on the surface of the bath as a slag which may be 
skimmed off. 

As the remaining copper is now saturated with oxygen, the next step is to 
reduce the cuprous oxide to copper by means of some satisfactory reducing 
medium, after which the copper is cast into the necessary shapes. 

In the anode furnace the blister copper should be refined to the highest degree 
that is economically possible in order to have a uniform high-grade product to 
send to the electrolytic process. This is necessary, as the success of the latter is 
largely governed by having uniform operating conditions, and it is generally much 
cheaper to eliminate impurities by a furnace treatment than by electrolytic 
methods. It is, however, not possible to remove the last traces of the impurities 
in the furnace. The great bulk is gotten rid of quite easily, but as the amoimt ^ 
becomes reduced it becomes increasingly more difficult without slagging off so 
much of the copper that the treatment of the resulting by-products becomes too 
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expensive. Just where this point is depends upon local conditions and the rela- 
tive cost of the two processes. There are also some of the impurities that tend to 
alloy with the copper and which are removed with great difficulty. 

The reverberatory furnaces in which the refining is conducted are at the present 
time constructed with capacities of 500,000 to 600,000 lb. per charge. Due to the 
weight of metal contained, they are necessarily of much stronger construction than 
the reverberatory furnaces used in the smelting of ore. The side walls are con- 
structed of silica brick with a thickness of 12 to 18 in., though there is an increasing 
tendency to use magnesite brick up to a point above the metal line, and then use silica 
or a good grade of clay brick from that point up to the roof. 

The roof is almost invariably made of silica briftk 16 to 18 in. in thickness, though 
attempts have been made to use fire brick or chrome brick. The great advantage of 
silica brick is its ability to withstand the temperatures obtained without softening 
and losing its shape. Fire brick softens at a low temperature, particularly when under 
pressure, while chrome brick absorbs a great deal of metal and it is difficult to treat 
the bumed-out brick for the recovery of the copper contents. 

The hearths of furnaces treating relatively pure materials are generally constructed 
of siliceous material, while magnesite brick is used where the copper contains con- 
siderable amounts of lead or antimony. The siliceous hearth is generally made of 
high-grade silica sand which has been crushed to the size of coarse sand. It may be 
used with an admixture of lime or copper oxide or may be put into place without any 
binder other than the natural impurities in the sand itself. The sand is mixed thor- 
oughly and placed in the furnace, where it is given a thorough calcining, after which 
it is spread over the bottom to the desired depth and tamped down. The furnace is 
then gradually brought to the highest possible heat that the brickwork will stand 
until the new bottom is thoroughly sintered into place. Then the furnace is gradually 
cooled down and the bottom is then seasoned by covering it with a thin layer of scrap 
copper, melting this, and allowing it to soak into the bottom. The furnace is allowed 
to cool somewhat asd the operation repeated until all the copper that will be quickly 
absorbed has been taken up. After this, small charges are introduced and the fqfnace 
is gradually brought up to capacity in the next few days. It is found that a furnace 
will absorb copper for a considerable period of time before becoming saturated! The 
amount of copper locked up in a bottom will depend upon the size and the shape of a 
furnace, but may be said to be in the neighborhood of 1,000 lb. per ton of daily 
capacity. The concentration of silver and gold in a furnace bottom will depend upon 
the grade of material treated, but will increase with continued use, the gold tending 
to concentrate to a greater extent than the silver. Very high silver charges will 
greatly increase the silver absorption, which wil^ not be washed out by later charges 
of lower grade to any considerable extent. 

Due to the danger of overheating the bottom and having a portion of it come up, 
the universal practice is to have a vault under the bottom to insure the proper amount 
of cooling. This may be supplemented by having pipes laid in the bottom through 
which air or water is forced to insure the necessary cooling. A bottom of magnesite 
brick will radiate more heat than a silica bottom, due to the greater heat conductivity, 
and in such construction it is necessary to have the magnesite brick underlain with a 
heavy backing of clay brick. This type of bottom is generally laid in the form of an 
inverted arch held in place by skewbacks attached to the side plates of the furnace. 
The brick should be laid dry or in a mixture of powdered magnesite and linseed oil. 
After laying it, the furnace must be very carefully dried out by the use of salamanders 
placed at different points along the hearth until all moisture has been driven off. If 
this is not done, there is great danger, of the formation of superheated steam, which 
destroys the texture of the brick, and the entire bottom is liable to be rapidly destroyed. 
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Fig. 4.— Copper refinlog fiimace. United States Metids Co.. 
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After drying out, the furnace is gradually brought up to a good red heat and the 
bottom seasoned as with a silica bottom. 

The fuel used may be bituminous coal, pulverized coal, fuel oil, or producer gas. 
Producer gas is usually not available at most refineries and the modern tendency is to 
use either fuel oil or powdered coal. Hand firing is expensive and the question of ash 
disposal is bothersome. Powdered coal has the disadvantages of requiring the 
installation of a pulverizing plant and, as much of the ash of the coal remains in the 
furnace, the amount of slag produced is increased. Fuel oil has the disadvantage of 
requiring the installation of storage tanks, pumps, and preheaters for the oil. Either 
powdered coal or fuel oil is more economical than hand firing with an equivalent 
B.t.u. price, and the furnace temperature is much easier to control. 

When hand firing with bituminous coal, the 1;oal used will approximate 250 to 
350 lb. per ton of copper; pulverized coal will reduce this 20 per cent, and with fuel 
oil the consumption will be about 22 to 26 gal. per ton using oil of 18,000 B.t.u. per 
lb. and 16 to 18®B6. 

It is now the universal practice to equip all reverberatories with waste-heat boilers 
to recover the large amount of heat in the waste gases. With coal, the recovery will 
be 6 to 8 lb. of steam per pound of coal and with oil 8 to 10 lb. of steam per pound of 
oil. In a large plant this waste-heat steam ajnounts to oiie-third to one-half of the 
steam used in the plant, so that the economy is f)bvious. 

The dimensions of some refining furnaces arc: 


General Dimensions of Some Refining Furnaces' 



American Smelting 
& Refining Co. 

Raritan Copper 
Works 

U. S. ' 
Metals 
Refining 
Co. 

1 

Length of hearth 

50 ft. 

36 ft. 

37 ft. 6 in. 

43 ft. 

40ft. Sin. 

Width of hearth 

14 ft. 7 in. 

15 ft. 

17 ft. 

14 ft. 3 in. 

14 ft. 4 in. 

Depth of hearth ... 

22 in. 

14-16 in. 

35 in. 

28 in. 

30 in. 

Hearth area, square feet . 

665 

490 

559 

553 

<190 

Length of grate 

Oft. 

Oil fired 

Oil fired 


8 ft. 3 in. 

Width of grate 

8 ft. 4 in. 




7 ft. 41''2 jo. 

Area of grate, square feet . . 

75 




60.8 

Height of roof above hearth 






at bridge 

6 ft. 4 in. 

6 ft. 10 in. 

7 ft. 9 in. 

7 ft. 6 in. 

7 ft. 2 in. 

Height of roof above hearth 






at flue 

3 ft. 6 in. 

3 ft. 6 in. 

5 ft. 10 in. 

4 ft. 2?j in. 

4 ft. 9 in. 

Area of flue, square feet . . . 

12 47 

12.00 

11.50 

9 15 

12 75 

Tons output per 24 hours 

2(M) 

17S 

250-275 

275 325 

226 


* " Motnllurgy of Copper,” Hoffman-Huyward 


The various operations of the furnace may be classified as charging, melting, oxi- 
dizing, poling, and casting, and will be taken up in their order. The large furnaces 
are charged by means of electrically operated charging machines which handle up to 
6,000 lb. of copper at one time and which will charge a 200-ton furnace in less than 
2 hr. In the smaller installations the old method of hand charging is still in use. 
This consists of placing the slabs of copper on a paddle and sliding them into the 
furnace. This iaa slow and expensive method and is rapidly being displaced. Due to 
the large amount of space occupied by the slabs the amount that can be charged at 
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one time is usually less than the capacity of the furnace, and it becomes necessary 
to recharge a small amount after the original charge has been melted down. 

When charging cathodes, a larger amount can be charged during the first charging, 
as they stack better and do not occupy as much space relatively. At the plant of the 
Nichols Copper Co. a unique method of charging is used, which consists of sliding the 
cathodes into the ^jurnace by means of a chute. By this arrangement, the furnace is 
not permitted to cool down, and the fuel consumption is thereby decreased. With 
the charging crane the doors of the furnace must be opened, and by the time the fur- 
nace is charged it has cooled down to a dull red or black heat. 

When the charging of the furnace has been completed, the doors are luted up 
and the fire urged to the utmost extent. As copper is an excellent conductor of heat, 
the metal rapidly absorbs the hejj,t and soon starts to melt on the edges. During 
the melting, the flame is kept strongly oxidizing in order to have a sharp cutting heat 
and to form as much oxide as possible. When the surface of the bath is smooth, the 
firing is continued strongly until the metal on the bottom has melted, which is recog- 
nized by the charcoal or coke covering of the preceding charge rising to the surface. 
Between the time that the charge is flat and when the metal is afloat, the slags that 
form are skimmed. The amount of slag formed depends upon the nature of the 
material charged. Average blister copper will produce about 3 to 4 per cent of its 
weight of slag, cathodes about 1 to 2 per cent, and foul coppers may run as high as 
30 per cent. With coal firing the ash of the coal is frequently blown over into the 
bath and forms slag, and with powdered coal there is a considerable increase, at times 
amounting to 50 per cent. Fuel oil, on the other hand, has no tendency to increase 
the amount of slag formed. As refinery slags are high in copper (30 to 50 per cent), 
it is seen that the retreatment (diarges are heavy and a small increase in the amount of 
slag formed is immediately reflected in higher costs. 

When the metal in the bath has been skimmed clean, a say ladle, which is a small 
ladle with a long handle used for taking samples of the molten metal, is dipped into 
the furnace, and a test button taken to determine the condition of the metal. If, 
while the button is solidifying, it breaks through the crust and “throws a worm,” 
this is indicative of sulphur, and a green pole is inserted in th(f bath to agitate the 
metal and drive out the sulphur held in solution by the copper. During this poling 
the aftnospherc is kept strongly oxidizing. Buttons are taken frequently until the 
evidences of sulphur have disappeared. This operation is known as poling down. 
When the sulphur has been poled out the copper in the bath is oxidized by inserting 
air pipes through which compressed air is forced. This not only itself oxidizes the 
copper to a considerable extent, but, by the violent agitation it causes, exposes a 
large surface of the molten metal to the oxidizing influence of the hot gases. To assist 
the oxidizing a rabble may be introduced through the skimming door and by means 
of a chain suspension swung back and forth, breaking the surface of the metal into 
thin sheets or sprays. It is found that the rabble is more effective as a means of 
oxidizing than the air jets, but, owing to the great mass of copper to be oxidized and 
the hot and fatiguing work of swinging the rabble, its use as the sole m6ans of oxidizing 
is impracticable. 

During this period of blowing and flapping, buttons are taken to show the progress 
of the oxidation. As the amount of cuprous oxide in the bath increases, the surface 
of the button sinks and the fracture shows a color approaching a brick red. When 
the metal is saturated with oxide, there will be a deep depression, the fracture will 
show a bubble in the center, and the fracture will be coarsely cubical and a strong 
brick-red color. During this period, more or less slag will form and will be skimmed 
off, so that the surface of the metal will be kept clean for the action of the hot oxygen 
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in the gases. The cuprous oxide formed acts as a scorifying agent and is the effective 
means of removing the impurities in the metal. 

When the buttons show that the charge is saturated with oxygen or *‘set/' the air 
pipes and rabbles are removed and the surface of the bath is covered with coke or 
charcoal. The doors are closed and tightly luted up so as to prevent the admission 
of excess air. A pole is then inserted in the bath in order to reduc^ the cuprous oxide 
to metallic copper. 

The poles used for this operation are usually hardwood, but softwood is readily 
usable, the chief objection being the heat developed at the poling door, with the attend- 
ant discomfort to the men, and more wood is required per ton of copper. An aver- 
age amount of wood used for poling may be considered to be 100 to 150 lb. per ton 
of copper. If wood is used to make the charcoal /!ovcring for the bath, the amount 
is increased to 250 lb. per ton. As the pole burns away it is pushed further into the 
furnace, and when it becomes too short to hold by the chain block it is pushed into 
the furnace and becomes a brand, while a new pole is introduced. 

During this time, test buttons arc taken and the surface and fracture observed. 
The fracture gradually changes from coarsely cubical to finely granular, then fibrous, the 
color changing from a brick red to a salmon pink. When the poling is finished 
the surface of the button is slightly rounded, and the fracture is silky and of a rose 
color. The copper is now said to be “tough pitch'* and is ready for casting. 

During the progress of the refining the various impurities behave about as follows: 
Iron and cobalt oxidize and slag off readily, though if cobalt be present in any con- 
siderable quantity a considerable time may be required h)r its complete elimination. 

Nickel is a very difficult element to slag on account of its strong affinity for 
copper. With high-nickel coppers the first f(;w percentages of nickel readily pass 
into the slag, but as the amount decreases the slagging becomes slower and slower. 
To eliminate the last portions is extremely difficult. The bath must be skimmed 
clean, and, by continuing the oxidation, the nickel oxide forms as a powder and may 
be skimmed off. If, however, there is any reducing action in the furnace, the nickel 
easily reduces and is absorbed by the copper. 

Sulphur requires* a great deal of poling and oxidizing to effect its removal, and if 
present in blister copper to any considerable extent will make the furnace work very 
hot. If an excessive amount is present, there will result a great deal of trouble from 
the formation of matte on the surface of the bath. 

Lead partly volatilizes and is partly slagged. With considerable lead present it 
may become necessary to throw the charge coarse with a small addition of matte and 
reoxidize. When present in any considerable quantity, lead will vigorously attack 
silica bottoms as soon as any oxide is present, and it may become necessary to use 
magnesite brick bottoms when handling blister hjgh in this element. Zinc is readily 
oxidized and its elimination is simply a question of time of blowing. 

Arsenic and antimony partly volatilize, but are eliminated with considerable 
difficulty. In some cases it becomes necessary to treat the bath with a flux of lime 
and soda in order appreciably to reduce the amounts of these undesirable elements. 
In severe cases it is necessary to give the copper a second refining.* 

When the metal is finally ready for casting, that from the fire refining of blister 
copper is cast into anodes for the electrolytic process. For the multiple system these 
are slabs 24 by 36 in. or 36 by 36 in. and about 2 to 3 in. in thickness. When used 
for the series system, the anode may be cast as a slab for rolling, or as a long, thin anode 
for direct dissolving. 

When the anode is to be used direct, lugs are CMt so that it may be easily supported 
from the conductor bar or hanger bar. In some cases, loops of heavy copper wire are 

iFor researches on relative slaggahility, see "The Mineral Industry," p. 248, 1901. 
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plaood in the mold and the metal cast around them. A heavy copper bar is passed 
through the loops and is used to make the contact. 

Where small furnaces are in use, the copper is frequently cast by hand ladling, but 
with the increased size of the furnaces it became necessary to find some faster method. 



It is now the universal practice with large furnaces to draw off the metal from the side 
or end of the furnace through a tapping slot. This slot or tap hole is filled with a 
mixture of clay sand and a small amount of coal, hard enough to withstand the 
pressure of the metal on the interior of the furnace, but soft enough to permit of cut- 
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ting a gutter for the flow of the metal. This plug is held in place during the working 
of the furnace by transverse iron bars, about 1 in. square, placed on top of one another 
and held by guides fastened to the side plates of the furnace. These bars are removed 
at the time of casting and the clay plug is cut away from the top sufficiently to permit 
the copper to flow over the edge into a launder leading to the ladle. As the level of 
the copper in the furnace falls, the clay plug is cut down more and more. If at any 
time it is desired to stop the flow of metal, a ball of clay is placed in the tap hole and 
pressed down with a stick. 

There are several types of casting machines for the casting of anodes. The Walker 
wheel has the molds on the circumference of a wheel approximately 21 ft. in diameter. 
The wheel is turned by hydraulic or electric power and the molds are brought under 
the furnace ladle where they are stopped while thf mold is filling. The wheel is then 
revolved until the next mold is under the ladle. When the newly cast anode is about 
three molds away from the ladle it is sprayed with water to cool the metal, and at 
the same time the mold is cooled by a spray fn)m underneath. When the anode is 
nearly opposite the ladle it is lifted from the mold by means of a push pin which passes 
through the mold and slides on an inclined track. The anode is then lifted from the 
mold by a crane and placed in a bosh filled with running water in order to cool to the 
room temperature. 

The straight-line casting machine consists of a series of molds carried by an endless 
belt in front of the ladle. When a mold is filled, it passes towards a bosh being sprayed 
on its journey, and at the end of the belt where the molds pass underneath the anode 
is either dumped into the bosh or else lifted out of the mold by a crane and placed in 
the bosh for cooling. 

In hand ladling, the ladle man stands in the center of a whe<d somewhat similar 
in shape to the Walker wheel, and, as each mold passes, it is filled with copper and 
passes around to the rear, where it is cooled and rem(3ved either by a hoist or by a man 
using a long-handled lifter. 

Anode molds are generally made of copper, though in some instances cast-iron 
molds are used. The advantage of copper lies in the fact that when the mold has out- 
lived its usefulness* it can be charged into the furnace and the copper recovered and 
sold at market value, while a worn-out iron mold has only a low scrap value. In 
order to prevent the copper from sticking to the molds, they are washed with pul- 
verized silica, which is applied at such a point that the heat of the mold will dry it out 
before the ladle is again reached. 

The furnace refining of blister copper should be carried to the highest possible 
point in order to prtjduce the best results in the elec.trolytie refining. A well-refined 
anode will dissolve readily and evenly and will give a good deposit, while an improp- 
erly refined anode will dissolve unevenly and give rough deposits and a heavy per- 
centage of scrap which has to be retreated. It'bfcis been very clearly demonstrated 
that any extra expense iiuiurred in the anode refining to insure a high-grade product 
will result in a much greater saving in the balance of the* refining process. 

The electmlytic refining of copper is based upon the selective action of the electric 
current in the following manner. If two metal plates are suspended in an electrolyte, 
and a direct curnuit is passed from one plate to the other, the metal of the plate where 
the current enters, known as the anode, will be dissolved, provided the composition 
of the electrolyte is of the proper type. The plate at which the current leaves is 
known as the cathode, and what happens at this point depends upon the nature of the 
dissolved metal and the composition of the electrolyte. The constituents of the 
electrolyte are partly ionized and the individual ions have definite discharge poten- 
tials depending upon their positions in the e.m.f. series (see p. 678). Those ions 
having the lowest discharge potential will be discharged as long as they exist in suffi- 
cient amounts to carry the current. If there is an insufficient amount, the ion next 
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highest will be discharged. In an aqueous electrolyte the hydrogen ion is present 
and will be discharged unless there be present some other ion standing below it in 
the scries. Copper is in this position and, therefore, will be disc;harged before hydro- 
gen. The electrolytic refining of copper is, therefore, based upon the fact that, if a 
copper anode is suspended in an electrolyte composed of copper sulphate and sul- 
phuric acid, it will dissolved and the copper pass into solution. At the cathode, 
which is also copper, the copper in solution will be deposited while the hydrogen 
present will be unaffected. 

The impurities associated with the copper in the anode do not deposit on the 
cathode because they stand higher in the c.m.f. series than either copper or hydrogen 
and, therefore, while they dissolve in the electmlyte, remain in solution, or else the 
composition of the electrolyte is so justed that they remain on the anode as insoluble 
alloys or compounds. 

The impurities that, as a rule, pass into solution and remain there are Fe, Ni, 
Co, Zn, As, and Sb. Those that arc insoluble and remain on the anode as a slime are 
Ag, Au, Pt, the rare metals, and Sc, Te, and Pb. 

Where an impurity exists in the anode as a chemical compound it will tend to pass 
into the slime, as chemical compounds have a much lower electrical conductivity than 
the copper, and these comjiounds largely segregate in the anode. The purer metal 
immediately surrounding them is dissolved, allowing the compound to fall into the 
slime, where it may lie inert or else be slowly attacked by the electrolyte and pass 
into solution. Those elements which alloy with copper may cither dissolve or pass 
into the slime, depending upon their nature and properties. 

Two systems of electrolytic copper refining arc in use at the jireseiit time, the 
multiple and the series differing in the arrangement of the electrodes. 

The Multiple System. — In the multiple system the anodes and the cathodes 
are connected in multiple and are suspended crosswise in a wooden lead-lined 
tank. The anodes are generally 2 by 3 ft. or 3 by 3 ft. in area, and from 2 to 2J^ 
in. thick, weighing 400 to 000 lb. The number of anodes varies from 26 to 32 
per tank, and they are given a spacing of about 4 in. * 

Th» multiple cathodes consist of pure ct)ppcr starting sheets suspended between 
the anodes. The preparation of the starting sheets is an expensive operation, requir- 
ing skilled lab('r. In the manufacture of the starting sheets anodes of the purest 
grade of copper are used, and the anode is wider than the regular anodes to insure the 
edges of the starting sheet being perfect. The starting sheet is made by depositing 
copper on a rolled and stretched copper blank, which is coated with a mixture of 
graphite and oil, or else gasoline and <>il, or other mixture that has been found to be 
satisfactory for the purpose. This coating is for the purpose of allowing the sheet to 
be readily stripped from the blank. To prevent copper being deposited on the edges 
of the blank, these are protected by covering them with grooved strips of wood, which 
are removed when the sheet is stripped from the blank, or else the edges of the blank 
are painted with a heavy asphalt paint, and a shallow groove is cut in the blank at the 
point where it is desired to have the sheet break off. 

The process of manufacture of the starting sheet consists in first giving the blank 
a coating of the oil paint; the edges are then painted with asphalt or the wooden strips 
put in place, and the blank is hung in the tank while the current is on, and allowed to 
remain for the necessary time, usually 24 hr. The blanks are then drawn from the 
tank one at a time. The operator strips the thin sheet from the blank, with a sharp- 
edged knife, one sheet from each side, repaints it, and it is returned to the tank. 
The thickness of the sheet is usually about He in., and a 3 by 3 ft. sheet will weigh < 
about 10 lb. It is of the greatest importance that the current be flowing when the 
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blank is placed in the tank or else the oil will be washed off by the hot electrolyte and 
the new deposit will be burned fast to the blank when the current is turned on. In 
order to hang the starting sheets in the regular depositing tanks two loops are fastened 
to each sheet. These loops are made of starting sheets which are cut into the proper- 
size strips and arc fastened to the sheet by punching and bending back the sharp 
comers of the punched portion. 

As the starting sheets must have good tensile strength, they are usually made at 
a current density lower than that used in the regular tanks, and the electrolyte used 
is kept very pure. The number of tanks required for this work will depend upon the 
number of cathodes to be drawn daily from the regular tanks, as a starting sheet must 
be produced for each cathode drawn. 

The tanks used for the multiple system arc t>uilt of long-leaf yellow pine lined 
with 6-lb., 6 per cent antimonial lead. The dimensions of a tank for thirty anodes 
with a surface of 3 by 3 ft. is approximately 11 ft. long by 3K ft. wide by 3J^ ft. deep. 



Fio. G. — Interior Great Falls tank house. 


Several arrar.gcmcnts of tanks are in use at the present time, the earlier arrangement 
being two tanks side by side and in rows depending upon the size of the tank room. 
As this arrangement required a large amount of copper to be tied up in bus bars, the 
Walker arrangement was developed, in which there are but two rows of tanks, but 
there are fifteen to twenty tanks, having a common partition, in each row. This 
arrangement effects a great saving in the amount of lumber needed, and, as the 
electrodes of one tank are connected to the electrodes of the adjoining tank by the use 
of a light triangular bar to which the cathodes of one tank and the anodes of the next 
tank are connected, there is a great saving in copper. This arrangement is at present 
the most widely used. 

The tanks are built upon masonry piers high enough to permit of proper inspec- 
tion underneath for leaks, etc. At the top of the piers are glass blocks having a thin 
sheet of lead placed on the top. The glass block serves as an insulator, the lead sheet 
protects the glass from any drip from a leaky tank. The tanks rest upon longitudinal 
siUs 8 by 8 in., which rest upon the top of the piers. There are many variations in 
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the constructional details of the tanks, each refinery having its own ideas on the 
subject. 

The electrical connections depend upon the tank arrangements. In the older 
system where two adjacent tanks are arranged in cascade of 8 to 10, the current is 
led to each pair of tanks by a heavy copper bus bar. The current leaving the 
cathode bar was conducted to the adjacent tank by means of a heavy copper connec- 
tion plate upon which the anode bar rested. The current then left this tank through 
a heavy bus bar which led it to the next pair of tanks in the cascade. In the Walker 
system the current is led to the first tank by a heavy bus bar. The common partition 
between the tanks supported a light triangle bar upon which the cathode bars of the 
preceding tank and the anode bars or lugs of the succeeding tank rest. At the end 
of the row of tanks the current w^s carried by a heavy bus bar to the next row of 
tanks. There is thus a great saving in the amount of copper tied up in conductors 
when using the Walker system. 

In the multiple system, as the electrodes arc in multiple, each anode must have its 
individual current supply. With a depositing surface of 540 sq. ft. and a current 
density of 20 amp. per square foot the total current required will be 540 by 20, or 
10,800 amp. per tank. With thirty anodes per tank each anode will require 360 amp. 
The use of such large currents requires conductors of large cross-section to prevent 
overheating and consequent loss of power, and this constitutes a large proportion of 
the initial investment in a multiple tank room. The generation of currents of this 
magnitude also requires expensive generating equipment in the power house. 

The operation of the multiple system is about as follows: The anodes having 
been straightened are placed in the tank by an overhead crane and are then evenly 
spaced by the tank men. The starting sheets are straightened and a copper bar passed 
through the loop. Tljey arc then hung in the tanks and the loops securely clamped to 
the cathode bar by tongs specially designed for this purpose. This is done to insure 
a minimum contact resistance between the loop and the rod. The starting sheet is 
then accurately spaced between the anodes. All anode and cathode contacts with 
the bus bars or triangle bars are then given a coating of oil in order to prevent acid and 
salts from creeping in and spoiling the contact. The tank is th^n filled with elec- 
trolyte and the current tumcil on. At the end of 48 hr. it is customary to withdraw 
the cathodes one by one and straighten them, as the initial deposit has a tendency to 
make them curl slightly. 

The time required for making a full-weight cathode depends upon the current 
density used, the quality of the anode, and various factors peculiar to the plant in 
question; but usually two cathodes are produced from each anode, and the time 
required per cathode is from 10 to 14 days. During this time the tanks are gone 
over daily and inspected for short circuits, and when these are found the cathode is 
lifted up and the nodule causing the short circuit broken off, or else it may be removed 
by the tank man sweeping a copper rod across the face of the cathode. 

When the first crop of cathodes has run its full time, the tanks are cut out of 
circuit by short circuiting the entire section of tanks to be drawn b^ the use of a 
heavy copper cut-out. The cathodes are removed by an overhead crane and taken to 
a wash box, where they are thoroughly washed by a spray of hot water to remove 
any adhering slime and electrolyte. They are then piled on a car and sent to the wire- 
bar furnace. 

The anode mud which contains the silver and gold is then swept from the face of 
the anode by means of brushes with long handles, or else the anode may he withdrawn 
from the tank and taken to a wash box, where the slime is washed off by hot water 
and the anode returned to the tank. A new set of starting sheets is placed in the tank, 
the contacts gone over as before, and the current turned on. During this second rup 
of cathodes the anodes are carefully watched to see when they become too thin for 
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proper working. When an anode gets scrappy, due to its being thinner than it 
should be, or else having dissolved at a faster rate than its mates, it is withdrawn 
from the tank and replaced by a piece of heavy scrap, a supply of which is kept on 
hand in the tank room — for such purposes. 

At the end of the run the tank is cut out of circuit as before, the cathodes removed, 
washed, and shipped, and the scrap anodes drawn from the taijk by the crane and 
thoroughly washed to remove all adhering slime. They are then sent back to the 
anode furnace for remelting. Any heavy scrap is generally kept in the tank room for 
the purpose, described above, of replacing anodes that have gone scrappy before 
their time. 

The electrolyte is pumped out of the tanks and a plug in the bottom of each tank 
is removed, and the accumulated slime is flushed jnto a launder, which conveys it to a 
slime tank, where it is screened to remove coarse pieces of metallic copper and is then 
pumped to the silver refinery for the recovery of the precious metals contained. 

The tank is thoroughly cleaned of all adhering salts and slimes, any leaks that may 
have developed are repaired by the lead burners, the triangle rods are cleaned of 
salts and dirt, and the tank is then ready for another run. 

The amount of scrap made in the multiple system will depend upon the character 
of the anode, the current density, and the care taken in casting the anodes uniformly 
thick. The usual practice will make about 15 to 20 per cent scrap, a large part of 
which is accounted for by the lugs which are not dissolved. The percentage of scrap 
made is kept as low as possible on account of the retreatment cost, the tie-up in metals, 
and the delay to putting in process contract material. 

The Series System. — In the series system the electrodes are connected in 
series and the same current serves each electrode. There are no starting sheets 
as the back of each anode serves as the cathode for the preceding anode. 

There are two modifications of the series system : In one a rolled anode is used, in 
the other a cast anode is used. The first is in operation at the plant of the Baltimore 
Copper Co., the second at the plant of the Nichols Copper Co. 

At the Baltimore plant the anode material must be of good quality to permit of 
rolling without cracking. The anode furnaces cast a slab, which, while red ho^ passes 
through the rolls and is rolled down to a thickness of about in. It is then cut into 
plates approximately 11 by 24 in., which are straightened and two plates placed in 
wooden frames, which are placed in the tank. The tanks are 11 ft. 6 in. in length, 
25 in. in width, and have a depth of 20 in.; 135 electrodes are placed in each tank. 

The current enters the tank through the first electrodes, passes through all the 
electrodes in series, and leaves through the last electrode, which is a copper plate. 
The electrodes act as both anodes and cathodes^ the side receiving the current being 
the cathode, and the side from which the current leaves being the anode. As a result, 
the impure metal of the anode is dissolved from one side of the plate while pure 
copper is deposited on the other side of the plate to approximately the same thickness. 

The deposition is finished when the anode has been dissolved to the desired degree, 
which is usually a complete dissolving, so that there is little or no scrap, other than 
that from the rolling and the cutting of the plates and that left in the grooves of the 
strips. The cathodes are removed from the tank, washed, and sent to the wire-bar 
furnace. The slime remaining at the bottom of the tank is removed by hand and the 
tank is carefully cleaned out before the next run. 

At the Nichols plant the anodes are cast, and average 12 by 54 by % in. They arc 
straightened, and the cathode side is painted with a mixture that will permit of readily 
stripping the cathode from the undissolved portion of the anode. The anodes are 
then hung on an iron bar, there being five anodes to a bar, and 121 bars are hung in a 
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tank. The tank is then filled with electrolyte and the current turned on* When the 
deposition has proceeded to a point where the amount of anode remaining is about 
8 per cent, the deposition is considered finished, the electrodes are removed from the 
tank by a crane, and carried to the stripping room where the remaining anode scrap 
is removed and sent back to the anode furnace for retreatment, the cathodes being sent 
to the wire-bar furnace, and the slime flushed out and sent to the silver refinery. 

The current density used in the series system is the same as that used in the 
multiple system, but as the electrodes are in scries the amount of current per tank is 
much less. Where a multiple tank having a depositing surface of 540 sq. ft. requires 
a current of 10,800 amp., a series tank having a depositing surface per plate of 4 sq. ft., 
as at Baltimore, or 23 sq. ft., as at Nichols, will require 80 or 460 amp., respectively. 
These small currents avoid the u^e of conductor bars of large cross-section, and, as 
there are but few contacts per tank in the series system as against approximately 120 
in the multiple system, the contact losses are reduced to a minimum. 

The voltage across the electrodes in the series system at the solution level is approx- 
imately the same as that in the multiple, for equal spacing, so that, while the multiple 
system has a low voltage per tank, the series system, which in rtaility consists, electro- 
chemically, of a number of mullii)le tanks in scries, has a voltage corresponding to the 
number of electrodes in series. Where the multiple system has a voltage at the 
solution level of, say, 0.2 volt, the series tank, with 135 electrodes, will liave a voltage 
of 27.0 volts, and with 121 electrodes the voltage will be 24 volts, if the electrode spac- 
ing is the same in all cases. The electn)dc spacing in the series system, however, is 
closer than in the multiple system, and the voltage is correspondingly reduced. 

The overall voltage jier eh'ctrode in the series system is much less than in the 
multiple, therefor(‘, both on account of the closer spacing and the almost complete 
absence of contact r(*Kistant!(*s. The average voltage may be taken as about 20 volts 
per tank at a current density of 20 amp. per square foot. 

This high voltage mnkes it necessary to use tanks having an insulating lining, and 
the lead-lined tanks used in the multiple system are not practicable. The usual con- 
struction is cither of wood lined with some asjihalt compound, slate, or else concrete 
lined with asphalt, the last being preferable, due to a longer life and cheaper 
maintenance. 

The multiple and series systems may be roughly compared as follows: The mul- 
tiple system casts heavy, thick anodes; the series recpiires nilled or light, thin cast 
anodes. The multiple system requires the preparation of a special starting sheet, 
which is an expensive operation requiring skilled labor. The sciries system uses no 
starting sheet, but it is necessary to strip off the backs, an operation performed by 
common labor. The multiple system requires heavy currents per tank, necessitating 
heavy conductor bars with a conseciuent large tie-up of copper. The series system 
uses low currents and avoids the use of heavy conductors. 

The copper produced per kilowatt-day in the multiple system at a density of 18 
amp. will average about 165 to 180 lb. In the series system the production per kilo- 
watt-day will average about 340 to 380 lb. The power requirements in the scries 
system are thus about half those in the multiple system. The efficiency in the 
multiple system will average about 90 per cent, in the series system about 70 per cent, 
due to the current leaking past the plates. The scrap produced in the series system is 
less than that produced in the multiple system with a consequent less cost for retreat- 
ment. The greater output per tank in the series system requires less tanks for any 
given output. The tanks used in the scries system must be lined with insulating 
material. In the multiple system lead linings are used. The metal losses in both sys- 
tems are about equal, while the copper, silver, and gold locked up in process are less 
in the series than in the multiple. i 
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Outside of the shape and arrangements of the electrodes and the tauks, the other 
features of electrolytic refining are common to both processes. The electrolyte has 
a composition of approximately 35 g. per liter copper, 140 to 200 g. per liter sulphuric 
acid, together with small amounts of such impurities as iron, nickel, arsenic, and 
antimony as may accumulate from the dissolution of the anode. The electrolyte has 
a marked negative temperature coefficient and, therefore, is heated by steam to 
increase its temperature and reduce the electrical resistance. The degree of heating 
used depends upon the relative cost of power and steam as well as the electrolyte 
composition, to a certain extent. The usual temperature is about 130°F. As the 
power used in overcoming the resistance of the electrolyte appears therein as heat, 
there is considerable heating from this source. The amount of steam* used in the 
multiple system per tank will be greater for the sf^me temperature than in the series 
system, due to the different amounts of power developed in the tanks. A multiple 
tank will develop approximately 3 kw. while a series tank will develop about 10 kw. 

Due to the tendency of the electrolyte to segregate under the action of tlie current, 
it becomes necessary to circulate it through the tanks. The segregation is more 
marked in the case of high-current densities than in low densities. It is caused by 
the fact that at the face of the anode, where copper is passing into solution, the 
electrolyte consists largely of copper sulphate of high specific gravity and there is a 
tendency to stream downwards. At the face of the cathode, where copper is removed 
from the electrolyte, the latter becomes largely sulphuric acid of lighter specific 
gravity and the tendency is to stream upwards. If, therefore, there were no circu- 
lation at all, the electrolyte would soon form two distinct layers, that on top being 
high in acid and low in copper, while the bottom layer would be high in copper and low 
in acid. As a result, the deposition would be largely confined to the lower part of 
the cathode, while there would be a copious evolution of hydrogen at the top of the 
cathode accompanied by spongy copper. The efficiency would, therefore, be greatly 
decreased, and the power per ton of copper increased. With an adequate circulation 
this tendency is counteracted to a large extent and the deposit kept regular. The 
higher the current density the greater will be the amount of circulation required to 
prevent stratification. On th(‘ other hand, an increased circulation tends to keej) the 
slime in the tank stirred up, resulting m increased metal losses. The choice, therefore, 
lies between greater efficiency of deposition as against increased metal losses.* The 
normal rate of circulation will be about 3 to 4 gal. per minute for current densities of 
15 to 20 amp. 

At some plants the electrolyte is admitted at the top of the tank and withdrawn 
from the bottom, while at others the flow enters at the bottom and is withdrawn at 
the top. The latter requires less solution and there is less danger of a tank being 
flooded. This is because the solution on cooling becomes denser and, therefore, a 
greater head of the hot, entering solution is required to force the cooler solution 
from the bottom of the tank; and in case the current has been off for some time, so that 
the solution has become quite cool, the head required to raise the cold column of 
solution in the outlet pipe may be such that it is more than the tank will hold. On 
the other hand, the objection to the top overflow is that this type of circulation 
opposes the natural settling of the slime. As, however, the rate of flow per square 
foot of cathode surface is exceedingly small, this objection appears to be more theo- 
retical than actual. 

The older plants had their tanks arranged so that the electrolyte flowed through as 
many as six tanks in cascade. This practice reduced the amount of electrolyte 
required, but the great cooling that occurred so increased the resistance that the loss 
in power more than offset the reduction in the tie-up of metal in solution. The 
modern practice is, therefore, to reduce the number of tanks in cascade to one or two, 
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thus preventing severe temperature inequalities and giving better effioienoy and power 
consumption. 

Circuit Resistance. — The current used in the electrolytic refining is, of course, 
direct current, and the amount carried by the bus bars will vary from 10,000 to 
12,000 amp. for tlje multiple system to 500 in the scries system. As the output 
depends upon the current, while the power depends upon the resistance, and the 
problem in electrolytic refining is to obtain the greatest output per unit of power, 
the question of resistances must be given very careful attention. The following 
resistances are encountered in the various systems: 

Multiple . — Bus bars, bus-bar ji>ints, anode contacts, anode, electrolyte, cathode, 
cathode loops, cathode-loop contacts, cathode rods, cathode-rod contacts, and other 
small resistances, such as resistance of the slime layer on the anode, transfer resistance, 
counter e.m.f., etc. The magnitude of these resistances is approximately as follows: 
contacts, 15 per cent; electrolyte, 60 per cent; conductors, 15 per cent; counter e.m.f., 
5 per cent; slimes, etc., 5 per cent. In the series system there are the following resist- 
ances: bus bnrs, anode rod, anode hangers, anode, electrolyte, cathode, cathode 
hangers, cathode rod, and also the other small resistances mentioned in connection 
with the multiple syst(*rn. The magnitude of the above is approximately as follows; 
contacts, 2)2 per cent; electrolyte, 85 per cent; conductors, 2)2 per cent; counter 
e ni.f., 5 per cent; shrncs, 5 per cent. As the co.st of power is one of the chief items 
in the refining of copper, constant effort is given to means whereby tlieSe resistances 
may be redact d and power siived. 

Somt" of the ways in which savings may be made are as follows: 

ConduclorH , — As the resistance of any conductor varies os its cross-section it is 
evident that any increase will result in decreiistHl resistance. An increase in cross- 
section, however, will increase the weight and, therefore, the cost of the conductor. 
^rhompson\s rule that the most economical cross-section is that for which the interest 
on the investment eijuals the co>t of power lost is applicable in this case, particularly 
for bus bars. For the other conductors in the tank, conditions prevent its application. 
Thus the anode lugs must be of sufficient strength to support the weight of the anode, 
and hence are usual Iv of far greater cross-section than required for the current. As 
the cathode loops are made of thin, co])per strips, thes(» are generally of insufficient 
cross-section and hence carry a current density greatly in excess of that which is 
most economical. 

Contacts . — The reduction of this resistance calls for two things: first, ample area 
of the contact surfaces; second, the elimination of as many contacts as possible. 
This resistance is one of the largest in the tank room, outside of that of the electnilyte, 
and much ingenuity has been shown in reducing it. Formerly, anodes were sus- 
pended by two hooks, giving five contacts, two at each hook, and one at the contact 
of the anode bar with the bus bar. The modern anode has but one contact due to 
cast lugs being used which make the contact with the bus bar. Catfiodes were for- 
merly suspended by hooks which have been replaced with firmly attached loops, 
the attachment being below the surface of the solution, where they soon become cov- 
ered with the deposit and become an integral part of the cathode. An attempt has 
been made to eliminate the contact between the cathode nid and the triangle rod by 
having the cathode rod rest directly upon the anode lug in the adjacent tank. 

One of the best methods of keeping contact losses at a minimum is to keep them 
clean. As there is generally considerable heat generated at any contact, any solution 
that may be splashed thereon will soon be converted into anhydrous sulphates, 
which prevent an effective contact. The most effective way so far developed for the ’ 
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prevention of this formation is to apply a thin coating of oil to the contact surfaces. 
This will keep them clean for a long time and costs little to apply. 

While the numerical value of each contact loss appears to be so small as to be 
almost insignificant, it must be remembered that there are a great many of these 
(iontacts throughout the tank room and their cumulative effect is sufficiently large to 
amount to a considerable waste of power. ^ 

Electroljrte. — The resistance of the electrolyte is affected by its temperature 
and composition. The temperature coefficient is negative, so that an increase 
in temperature decreases the resistance. The higher it is possible to carry the 
temperature the lower will be the resistance. There is, however, a practical 
limitation to the degree of heating on account of the cost of the steam exceeding 
the saving in power beyond a certain point, depending upon local conditions. 
Too high a temperature may also affect the character of the deposit, and the higher 
'the temperature the greater the amount of evaporation and the higher the humid- 
ity in the tank room with its attendant discomforts. 

The composition of the electrolyte has a great effect upon its resistance. As 
the conductivity is dei)endent upon the presence of hydrogen ions, an increase 
in the content of acid will increase the number of hydrogen ions present and decrease 
the electrolyte resistance. The presence of sulphates increases the resistance. These 
sulphates arc not only the copper sulphate composing the original solution but also 
the accumulated sulphates from the impurities in the anode, such as iron, nickel, 
zinc, etc. To secure an electrolyte of minimum resistaiute it is necessary to keep the 
free acid as high as possible and the sulphates as low as possible. The practicable 
limits to high acid and low sulphates are that then^ must be a sufficient amount of 
copper in the vicinity of the cathode so that only copper ions will be discharged. This 
limitation, therefore, requires the copper to be kept not lower than 30 g. per liter in 
average work. If the acid is too high the saturation point of the sulpliates present 
becomes very close to the operating temperature of the solution, and any cooling that 
may occur is likely Ho cause a salting out of these sulphates on the cathode, giving a 
very rough and contaminated deposit. The lowei* the contained sulphates in the 
solution the higher can the acid be maintained. * 

Cotmter £.m.f. — The cause of the counter e.m.f. is largely due to the forma- 
tion of concentration cells at the electrodes due to differences in the composition 
of the electrolyte. This may be overcome to a certain extent by increasing the 
rate of circulation of the electrolyte, but there is a very practical limit to this on 
account of the danger of stirring up the anode slime and contaminating the 
cathode, thereby increasing the metal losses and producing impure copper. 

The formation of concentration cells at the surface of the cathode also causes the 
copper content of the electrolyte to increase, due to the fact that, if at the top of the 
cathode there is a solution containing higher acid and lower copper than contained by 
the solution at the bottom of the cathode, a concentration cell will be set up and copper 
will tend to pass into solution at the top of the cathode and be deposited at the bottom 
of the cathode. But as the efficiency of deposition is less than that of dissolution the 
copper in the solution will increase, and this amount of increase will be greater the 
greater the difference in solution composition. 

Slimes. — The resistance of the slime adhering to the surface of the anode will 
depend largely upon the purity of the anode. A high-grade anode produces 
slime that has low electrical resistance, while an impure anode gives a slime that 
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may have a very high resistance, and should the nature of the slime be such that 
it covers the anode with a very heavy, dense layer, the anode may be made almost 
insoluble with a correspondingly great increase in the voltage necessary for the 
operation of the tank. 

Current Density. — The current density to be used in electrolytic refining 
depends upon a number of factors. It is of great importance, as the design of 
the tank room depends upon it. The two main factors affecting the selection of 
current density are the cost of power and the average composition of the anode. 
As the power cost varies directly as the square of the current density, a point is 
soon reached where the power cost becomes prohibitive. When the anode con- 
tains a large amount of silver ayd gold, a high current density will tend to give 
high metal losses in the cathode, due to the necessity of maintaining a high rate 
of solution circulation. 

A high current density generally increases the labor cost because the weight of 
the cathode is more or less fixed by the physical labor of handling and a high current 
density means pulling cathodes of younger age. This more frequent pulling also 
requires the use of a larger number of starting sheets, the preparation of which is an 
expensive item. The question of interest on metals locked up in process plays a very 
important part in the determination of current density. If the anodes are high in 
silver and gold, the saving due to getting t hese metals on the market earlier will often 
pay for an otherwise uneconomical (uirrent density. 

Increased current density rerpiires the use of fewer tanks and loss building space 
for a given output. This means a lower initial investment, and where construction 
costs are high, may have great influence on the question. 

The average current density in use at the present time will vary from 15 to 20 
amp. per square foot of cathode surface. In many cases this density is too high for 
present power costs, but as the plants were designed at a time when power was 
cheaper than at the present, it was correct at that time, and the only way in which 
the density can be reduced without building additional tanks is tp curtail the output, 
and the loss sustained in so doing may be much greater than the loss due to increased 
povve^ costs. 

Current Efficiency. — The term current efficiency is an expression of the ratio 
of the amount of product actually obtained to that theoretically obtainable in 
accordance with Faraday's law. It is always less than unity on account 
of various factors, such as current leakage, short circuits in the tanks, and the 
deposition of hydrogen at the cathode. As the output of the tanks is directly 
proportional to the current efficiency obtained, other things being equal, a great 
deal of careful study is given to the maintenance of as high a current efficiency 
as is economically possible. 

Current leakage in a well-designed plant should be small. It will vary with the 
voltage on each circuit and the care taken to keep the tank surfaces in a good, clean 
condition. The higher the voltage on any circuit the greater will probably be the 
leakage. The amount of leakage may approximately be determined by opening the 
circuit in the middle and taking the ammeter reading when the voltage is normal. As 
this method applies the full voltage to but half the tanks, however, the indicated leak- 
age is apt to be somewhat higher than the actual amount. Another method is to 
compare ammeter readings at several points in the circuit, care being taken to guard 
against the stray fields that exist in the ncighb(jrh(>od of conductors carrying heavy 
currents. Leakage through the woodwork of the tanks should be negligible, provi4ed ' 
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th^ are kept in proper condition, and it may be assumed that the largest part of the 
leakage is through the circulating system, by the current being shunted around the 
middle tanks in the circuit, as the circulating system is in parallel with the depositing 
system. To prevent this leakage as much as possible the resistance should be made 
as high as possible by having the overflow pipes of considerable length and small 
cross-section. Where the leak occurs to the ground there is usually evidence on 
account of the copper deposited at the point where the current lerfves the electrolyte. 

1'he greatest part of the loss in current efficiency is due to short circuits in the 
tanks. These are caused by the following conditions; the new starting sheet may 
curl after a few hours in the tank and unless this is discovered and rectified a bad 
short circuit may result. To prevent this occurrence the starting sheets are gener- 
ally removed from the tank, straightened, and replaced after a certain number of 
hours working. If the electrodes in the tanks a^e not properly aligned, there will 
result more or less short circuits due to the unequal current distribution in the tank. 
The tank men when working on top of a tank may kick an electrode out of place and 
neglect properly to replace it. As the anode dissolves away, pieces of the scrap may 
fall off and rest against the cathode. 

Except at a low current density it is not possible to produce a perfectly smooth 
deposit with a cathode of any considerable age, and under normal working conditions 
the cathodes soon become more or less rough. When this occurs the resistance 
between the anode and the projecting part of the cathode becomcb less, and there is 
consequently a greater tendency for the current to flow acToss this part, increasing 
the current density at such a point and aggravating the condition. If not corrected 
in time, the roughness will develop into trees which bridge across the space between 
the anode and cathode, resulting in a dead short ciicuit which may stop all depositing 
in that particular tank. To prevent such a condition the tank men continually patrol 
the tanks with voltmeters and long copper rods. When the voltmeter indicates the 
presence of a short circuit the rod is swept across the space between the anode and the 
cathode and the projection broken off. 

Deposition of hydrogen at the cathode is due to an insufficient amount of copper 
ions to carry the current. This condition may be caused by too low a circulation rate 
or by the circulation being unevenly distributed between the elect lodos. It may also 
be caused by the copper content of the electrolyte being too low or the acid cpntent 
being too high. The usual cause is probably in inefficient distribution of the circu- 
lation throughout the tank. The current efficiency may be reduced as much as 5 to 
10 per cent, due to this cause. 

Electrolyte Purification. — As the impurities in the anode accumulate in the 
electrolyte, the resistance of tlie latter increases, resulting in a greater power 
consumption, and there is also danger of the cathode being contaminated. This 
contamination is in addition to the contamination from adhering slime and is 
due to the fact that the deposited metal on the cathode is always more or less 
porous. This porosity permits a certain amount of the electrolyte to become 
entrained, and contamination from this source will not be removed by the usual 
washing received by the cathode prior to its charging into the wire-bar furnace. 
The higher the current density the greater the tendency for porous cathodes. 
The addition of a small amount of glue to the electrolyte results in giving a denser 
deposit, but usually increases the resistance of the solution. The remedy for such 
contamination is to keep the electrolyte as pure as possible by constant with- 
drawals and replacement with fresh solution. The purification of tank-room 
solutions is a source of considerable expense unless the impurities have a market- 
able value. 
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The various methods of purifying the electrolyte are by the manufacture of blue- 
stone, and by the use of insoluble anode tanks with or without the recovery of the 
sulphuric acid. 

In the manufacture of bluestone, the hot electrolyte is passed through towers 
containing shot copper until the free acid is brought down to about 1 per cent. The 
solution is then concentrated with steam coils in lead-lined tanks and sent to the 
crystallizing tanks*wherc the copper sulphate is allowed to crystallize on lead strips. 
These crystals may be sold or else redissolved and sent back to the tank room. The 
mother liquor from this crystallization contains the impurities, and if the impurity 
is of value, such as nickel sulphate, it may be further evaporated and the nickel sul- 
phate crystallized out, after any traces of copper have first been removed. Otherwise 
the foul solution is wasted after precipitating out the remaining copper on scrap iron. 

When using insoluble anodes the solution to be purified is passed through a series 
of tanks containing anodes of hard lead. These tanks may be used either for the 
reduction of the amount of copper in the electrolyte or for the complete removal of 
the copper prior to the final treatment of the solution. Where it is simply desired to 
reduce the amount of copper in the electrolyte the latter is circulated through the 
tanks at a high rate and returned to the tank room. The high rate of circulation is 
desired in order that the efficiency of deposition may be as high as possible and also 
that the quality of the cathode produced be high enough to be sent to the wire-bar 
furnace. Where it is desired to remove the copper completely, the circulation is 
reduced. There are usually three to five tanks in series and the copper from the first 
tank is generally of good enough quality to send to the wire-bar furnace. The product 
of the remaining tanks will, to a large extent, depend upon the composition of the 
electrolyte being purified. As the copper becomes depleted, arsenic and antimony 
are deposited as a sludge, which is generally sent to the blast furnace, if there be one at 
the plant, or else treated by special methods. The last tank eliminates the last traces 
of copper from the electrolyte. The efficiency of these tanks is very low, the average 
for the series being about 20 per cent or less. 

If arsenic and antimony are the impurities to be eliminated, the solution is returned 
to the tank room. If there is a large amount of soluble sulphates,, such as iron, nickel, 
or zinc, the solution from the insoluble anode tanks is either sent to the sewer and the 
acid qontent wasted, or else it may be concentrated by heating to such a point that, 
upon cooling, the objectionable sulphates are crystallized out. The mother liquor, 
which is high in free acid, is then returned te the tank room. 

The use of the insoluble anode requires considerable power, but the investment 
required is small, whereas a large investment is required for the manufacture of blue 
stone. If, however, large amounts of solution are required to be purified, there is 
danger of depleting the electrolyte of copper t-o too great an extent. This is partic- 
ularly true when the anode contains considerable amounts of nickel or iron, so that 
there is much less copper being dissolved than deposited. In such a case it becomes 
necessary to add copper to the electrolyte by means of bluestone or by trickling hot 
electrolyte through towers containing shot copper. On the other hapd, with a pure 
anode there is a building up of the copper contents of the electrolyte, and this excess 
will have to be removed by one of the above methods. 

The insoluble tanks are usually in two groups, the first of which has a high rate of 
circulation and removes the bulk of the copper, the second group removing the 
balance of the copper together with such arsenic and antimony as may be present. 
As the power consumption of insoluble anode tanks is high, an attempt hiw been made 
to eliminate the first set by utilizing the principle of the stratification of the elec- 
trolyte.^ In this method advantage is taken of the fact that at the face of the anode 
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there is a downward flow of the electrolyte due to the increase of copper concentration, 
while at the face of the cathode there is an upward flow due to the decreased copper 
concentration. By withdrawing the main bulk of the electrolyte from the lower part 
of the tank and about 10 per cent from the upper part, there is obtained from the lower 
outlet a solution high in copper and relatively low in acid, while from the upper out- 
let the solution is low in copper and relatively high in acid, the copper being less than 
is usually obtained from the outlet of the first group of insolublf; anode tanks. As 
the impurities do not segregate, the solution from the upper outlet contains prac- 
tically the same amount of impurities as the average solution in the tanks. This 
method thus saves the extra cost of one group of insoluble tanks, and produces a 
cathode similar to those obtained from the regular refining tanks, with the expendi- 
ture of little, if any more, power than required for the production of regular cathodes. 

The cathodes from the electrolytic refining, hilving been washed, are sent to the 
wire-bar furnace. Tliis type of furnace is similar to that described under anode 
casting, but the operation requires more care, particularly in the poling operation and 
casting. Great care must be taken to have the metal at the proper heat, as cold 
copper will result in bars which arc porous. Hot copper will absorb gases from the 
gases of combustion and these gases will be liberated on cooling, giving porous copper. 

Overpoling causes tlie surface of the bar to rise and throw out a worm, and the 
resulting metal will very likely be brittle. The causes of overpoling are not definitely 
known, but it is believed that sulphur i)lay8 an important part. 

Refined copper is cast on the Walker wheel or the straight-line machine, as 
described previously. I'lie Clark wheel is a modification of th(' Walker wheel with 
the molds placed radially instead of tangentially, and bars of any length can readily 
be cast thereon. 

The commercial forms of cast copper are wire bars, cakes, slabs, ingots, and ingot 
bars. Wire bars are bars of approximately square cross-sccdion, the length varying 
from 40 to 00 in., the width and depth from 2^ to 4 in. The ends are usually tapered 
to facilitate admission to the rolls in the rolling mill. 'J'’he weight of wire bars varies 
from 135 to 300 lb. according to the demands of the consumer. C'akes arc square, 
or rectangular castings, varying in dimensions from 14 by 17 in. to 42 by 42 in. The 
thickness depends upon the weight desired for any particular cross-section and varies 
from 2 to 8 in. (>akes under 28 by 28 in. are generally cast on the casting irujchine, 
the larger ones being cast in open, iron split molds, placed on a copper base. Slabs 
arc long, thin, shallow bars, usually with s(iuare ends. Ingots are small castings 
weighing about 20 to 25 lb. and have one or two heels cast to permit being broken up 
easily by the consumer. Ingot bars are bars consisting of several ingots end to end. 

When casting refined shapes the molds are painted with bone ash. This gives 
a smoother surface than the pulverized silica used in the anode casting. For satis- 
factory work, the bone tish must be thoroughly- calcined, be free from grease and 
organic matter, and must be very finely ground, ‘95 per cent to pass 200 mesh. It 
must be applied uniformly to the molds or the excess will cause the bars to be pitted. 

When casting refined copper, great care must be used. If the mold is filled too 
rapidly, there will be a tendency for some of the copper to run up the side of the mold 
and set there. Excessive vibration of the casting machine has the same effect. 
Unless these fins are removed by chiseling before rolling, they will be rolled into the 
finished rod and cause trouble. Particles of ladle lining, charcoal, etc. are known 
as fish and are removed during the casting and before the metal has set by the use of a 
long-handled, flat-bladed tool. 

Over- and undersized bars are caused by the molds being out of level, warped, or 
by the carelessness of the operator in filling the molds. An oversize bar may cause 
trouble in the rolling mill by crowding the roll and thus producing a fin which is rolled 
into the product. Undersized bars cause no damage in the mill, but add to the 
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expense of rolling due to the shortage in weight which requires more pieces to be 
rolled for the same tonnage. 

As the bars set, they arc sprayed with water and dumped into a water-filled bosh 
to cool sufficiently to permit of handling and inspecting. The inspection is very 
rigid, and bad looking bars are rejected and remelted. The bars that pass the inspec- 
tion are stamped with the furnace and charge number for future reference in case of 
complaint. • 

The quality of the copper is determined by assay and by taking a sample for con- 
ductivity. While the assay will show the purity of the metal, which generally is 
about 99.93 to 99.96 per cent, the conductivity test is relied upon to show the physical 
qualities. Small amounts of impurities have, in general, a very marked effect upon 
the conductivity of copper, and while those elements which make copper brittle do 
not, for the most part, affect the Conductivity to any great extent, their presence will 
be detected in drawing the wire for conductivity purposes. 

Treatment of the Anode Slime. — The anode slime contains all of the silver 
and gold that is present in the anode, disregarding the insignificant amount lost 
in the cathode. It will also contain varying amounts of arsenic, antimony, 
selenium, tellurium, nickel, and a certain amount of copper, depending upon the 
degree of refining the anode. 

At the tank room the slime is generally passed over a coarse screen to remove large 
pieces of copper, such as anode scrap, cathode nodules, etc., and is pumped over to 
the silver refinery, where it is allowed to settle in tanks of large cross-secition. llie 
supernatant liquor is decanted and returned to the tank room. The first step in the 
treatment is the removal of the copper content, which may vary from 15 to 50 per 
cent. There are several methods of accomplishing this. The earlier method was to 
agitate the slime with a mixture of sulphuric acid and niter in a lead-lined vat by mpans 
of mechanically rotated paddles, heat being applied by means of steam coils in the 
bottom of the vat. The niter oxidized the copper, which was converted into copper 
sulphate. When the reaction was complete, the residue was washed and allowed to 
settle, and the liquor decanted and sent to the tank room. Th5 mud was then filter 
I)ressed and sent to the refining funiaces. A modification of this process was in agi- 
tatinS the mixture by means of compressed air instead of the paddles. 

The serious objection to the use of this mctliod, aside from the expense of the 
niter used, was in the formation of large amounts of sodium sulphate, which went back 
to the tank room with the copper sulphate, and increased the resistance and specific 
gravity of the electrolyte. In order to avoid this and Ui do away witlj the expense 
of niter, the slimes were then given an air roasting after which they were boiled with 
acid to remove the copper sulphate. This method has almost entirely supplanted 
the former one. 

The slime is either spread in thin layers in trays or in a thin layer on the hearth 
of a roasting furnace, and heated with a large excess of air to a point where oxidation 
occurs, but below the point where the slimes start to sinter. The sRme may or may 
not be rabbled during the roasting, depending upon the existing facilities for catch- 
ing the flue dust that is formed. When no rabbling is done, the time for the oxidation 
is necessarily of longer duration. When the roast is completed, the slime is removed 
from the roasting furnace and conveyed in cans to the boiling tank, where it is boiled 
with dilute sulphuric acid, which removes the oxidized copper as copper sulphate. 
It frequently occurs that in this boiling a considerable amount of silver goes into 
solution, and this must be precipitated by the addition of the necessary amount of 
raw slime, the metallic copper of which reacts with the silver. The objection to 
this procedure is that an excess of the raw slime is generally added so that the finished 
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^ alime contains more copper than is desired. A method of avoiding this was patented 
by Keller* and consisted in mixing the raw slime with just sufficient sulphuric acid to 
satisfy the copper present. The mixture is then charged into the roasting furnace and 
heated until the desired reaction is accomplished. 

By any of the above methods the copper in the treated slime may be reduced to 
about 1 per cent, and the slime is then ready for the furnace treatment. The furnaces 
used are generally small, basic-lined reverberatories, or else small^ basic-lined tilting 
furnaces, the latter being preferable on account of the smaller amount of precious 
metal tied up in the furnace linings, an item of no small importance. The furnaces 
may be fired by fuel oil, gas, or powdered coal. 

The slime is charged into the furnace with a small amount of soda in order to thin 
out the slag formed on the melting down. The slime readily melts, and during the 
melting a very fusible thin slag is formed, which is»drawn off as it is formed, so as to 
keep the surface of the slime from being blanketed and slowing down the melting. 
When the charge is completely molten, further additions of soda arc made and the 
charge is oxidized by compressed air through iron pipes inserted under the surface 
of the charge. During this oxidation the great bulk of the impurities are removed 
and the charge gradually assumes a metallic aspect. When the soda slag will remove 
no further impurities, the metal is covered with niter and the oxidation continued. 
This procedure brings the bath up to a good grade of dor6, 980 to 990 silver plus gold, 
and the metal is then ready for casting into dord anodes. The niter slags formed 
during the last operation are generally charged back into the furnace with the suc- 
ceeding slimes, the soda slags being sent to the blast furnace for recovery of the silver 
and copper contents. In some plants the soda slags are returned to the anode fur- 
naces, but this practice is not to be recommended, as the various impurities in the 
sfag enter the anode to a considerable extent, thus making them circulate in the sys- 
tem and usually giving trouble with the solution of the anodes in the tanks. 

The dor6, which is the name given to the high-grade mixture of silver and gold, 
is then cast into anodes by the use of a hand ladle. The anodes vary in size at the 
various plants, depending upon the process for removing the silver. For the average 
electrolytic process the size will be approximately 12 by 6 by 3^ in. The anodes are 
then sent to the parting plant, where the silver and gold are separated. For this pur- 
pose there are two well-established processes in use at the present time, the sulphuric 
acid and the electrolytic, described in Chapter XXVIII. 

Should there be platinum or palladium present in the dor6 these metals will accom- 
pany the gold. The methods of extraction are chemical or electrolytic. In the former 
the gold mud is boiled with strong sulphuric acid and a small amount of nitric acid 
or niter, which dissolves practically all of these metals. The resulting solution is then 
passed over copper to precipitate the silver and the platinum and palladium. The 
resulting sludge is then dissolved in aqua regia^ •which dissolves the platinum and 
palladium but leaves the silver as silver chloride. ‘ From this solution the platinum 
and the palladium are recovered by the use of ammonium chloride and ignited to 
give a metallic sponge of a purity of 98 per cent or better. 

Metal Losses in Refining. — The question of metal losses in the refining of 
copper, with its accompanying silver and gold, is one of great importance. The 
sources of losses are numerous, and vigilant attention is required to keep them 
within proper limits. The usual sources of losses taken in the order the material 
passes through the plant are as follows : weighing, sampling, assaying, anode slag, 
anode flue dust, cathode loss, wire-bar slag, wire-bar stack, weighing, slimes loss 
in silver process, gold in fine silver, silver in fine gold. There are also certain 
losses, such as solution and theft losses. 

>U. S. Patent, 1110493. 
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In weighing, considerable loss may be experienced through lack of proper care 
of the scales, and careless handling of test weights. In the average plant these points 
are generally given careful attention. A usual source of error in weighing lies in the 
taring of the cars carrying the incoming blister. These should be carefully tared at 
stated intervals and particularly after any repair work has been done on the car, 
no matter how slight. An error of considerable magnitude may be caused in weigh- 
ing cars that are not properly protected from the wind while on the scale. 

Sampling errors may easily run into large figures, and every possible precaution 
should be taken to see that the best practice is in use. This is particularly important 
where the blister copper contains considerable silver and gold. The question of 
moisture in blister copper has but recently been given the attention it deserves. 
The average copper is very porous and will absorb up to 0.6 per cent of moisture while 
apparently quite dry on the surface. A frequent source of error against the refinery 
lies in the occluded moisture from quenching the copper as it comes from the molds 
at the converters. This may amount to as much as 0.25 per cent and can only be 
determined by carefully drying the copper at a temperature sufficient to drive off the 
moisture, but not sufficient to oxidize the copper. No standard equipment and prac- 
tice exist among the various refineries at the present time and there is much room for 
improvement along these lines. 

In assaying, errors frequently occur through the laboratory using methods that 
give consistently low results or consistently high results. Unless the splitting limits 
are quite close, so that such methods arc brought to the front by the frequency of 
umpire assays, a serious error may bo introduced. 

Anode and wire-bar stack losses will, to a large extent, depend upon the nature of 
the material being treated in the furnace. The apparent magnitude is not large 
judging from bag-house tests, particularly where, as is almost always the case, 
waste-heat boilers are installed. 

Anode and wire-bar slag losses may, and frequently do, amount to a consideriible 
item. These slags will run in the neighborhood of 40 to 50 per cent copper and must 
1)8 retreated in a blast furnace for the recovery of the copper. It is necessary to slag 
off the silica content, and, as the slag from the blast furnace will contain some copper, 
it is apparent that the more slag is made in the reverberatory furnaces the more slag 
w'ill Ije made in the blast furmice with its accompanying copper loss. This loss is 
particularly serious in cases where the refinery slags are treated in a black-copper 
furnace, as in such a case the resulting slags are very much higher in copper with a 
correspondingly greater copper loss to the refinery. 

Cathode losses constitute one of the largest items of silver and gold losses in the 
process. There is always a certain amount of anode slime floating in the electrolyte 
and, if the cathode is rough, a large amount of this may be caught and thus pass into 
the wire bars where it is lost. This loss may be controlled by careful supervision over 
the factors affecting the cathode deposit, such as proper refining of the anode, current 
density, rate of circulation, etc. 

In the treatment of the anode slime in the silver building there is opportunity for 
great losses in the furnace gases. In former years these losses were of considerable 
magnitude and it is only with the recent installations of the Cottrell system that their 
real magnitude has been appreciated. At the present time with properly designed 
Cottrell apparatus the losses from the silver-refinery roaster and furnace gases have 
been reduced to a very low point, though, even with this safeguard, careful watch 
must be kept on every step in the process for unsuspected leaks that, in the course 
of a year, may amount to considerable. 

In the production of fine silver there is always loss of gold due to the diflficulty of 
keeping the gold mud completely out of the silver crystals. Similarly, the refined 
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gold always contains some silver. The partial cure for such losses is in proper care of 
the dor^ anode bags so that the loss is reduced to a minimum. 

The amounts of the losses in cathodes, silver, and gold are kept continually before 
the management through the daily assays, so that any tendency to go wild should be 
promptly discovered and means taken for correction. 

Losses by theft may amount to a large item, particularly if there is much small 
stuff such as copper scrap, scrap wire, etc. received. Such copper k easily carried out 
of the plant in dinner pails, clothing, etv.., and a careful wat(;h must be kept to keep 
this at a minimum. A thorough policy of prosecution when an employee is caught 
will go a great way to prevent similar occurrences in the future. 

In general, it may be stated that in a well-conducted refinery the copper losses will 
average about 7 to 8 lb. per ton of cathodes pniduccd. Silver and gold should break 
about even, provided the assays are uncorrccted; ft corrected, the silver loss will be 
al)out 2 per cent and the gold loss about 1 per cent of the contents of the anode, as these 
figures are the average corrections for the usual type of copper received by the 
refineries. 

Properties of Refined Copper. — The melting point of pure copper is 1083®C., 
which may be slightly reduced by the presence of small amounts of cuprous oxide. 
The boiling point is in the neighborhood of 2310°C., but experimental difficulties have 
prevented a precise determination. 

Tlie latent heat of fusion is 43.3 cal. per gram, and its specific heat varies with the 
temperature. The Bureau of Standards gives the latest determination as: 

C = 0.0917 X 0.000048(^ - 25), 
where i is the absolute temperature. 

The electrical conductivity of copper varies greatly, depending upon the presence 
of minute quantities of various impurities. The following tabkss compiled from 
various sources, together wuth experimental work by the writer, show in a general 
way what may be expected. It must be kept in mind, however, that the presence 
or absence of oxygen in the copper may greatly vary thc^ results. When the impurity 
is in solid solution, its effect is generally much greater than if it is in some other form. 



CoNDUerm ITY 

, 

CONDITCTIVITY, 

Pur Cent 

Pkr Cent 

pKii Cent 

Per Cent 

Aluminum : 


Bismuth : 


0 000 

100.0 

0.000 

100.0 

0.006 

. 99.0 

0.005 

... 100.2 

0.050 

. 84 0 

0 010 

99.5 

0.100 

67 0 

0.050 

98 5 

Antimony: 


Cadmium : 


0.000 

100 0 

o.im 

100.0 

0.020 

. . 97 5 

0 025 . . . 

09.9 

0.050 

. . . 95 0 

0 050 

99.6 

0.100 

.... 88 0 

0 100 . . 

... . 99.0 

0.260 

75 0 

0 250 . . . 

. . 97.0 

Arsenic : 


0 500 

96.0 

0.000 

100 0 

Lead: 


0.005 

98 5 

0 000 

.... 100.0 

0.010 

95 5 

0.050 

99 5 

0.050 

85 0 

0.100 . 

.... 99.0 

0.100 

75.0 

0 3(K) 

98.5 

0.200 

60 5 



0.500 

40.0 
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„ ^ CONDU(’TIVITy, CONPUCTIVirr, 

Per Cent Pkr Cent Per Cent Per Cent 

Nickel: Tellurium: 

0.000 100.0 0.000 100.0 

0.005 99.0 0.010 100.0 

0.010 98.5 0.025 99.0 

0.100 93 0 0.050 99.0 

0 400... . • 75.0 0.100 98.5 

1.000. 55 0 Tin: 

Phosphorus: 0 000 100.0 

0.000.... 100 0 0.050 98.0 

0.005. 100 5 0.100. 93.0 

0 020. . . 90 0 0.500 75.0 

0 070. * GO 0 Selenium: 

0.150. . ... 42 0 0 000 100.0 

Silver: 0 010 99.0 

0.000 . 1(K) 0 0 050 98.5 

0.100 99 8 0 100 98.0 

0 500 . 1)7.5 Zinc: 

1.000 . . 95 5 0 000 100.0 

Sulphur: 0 050 98.5 

0.000 100 0 0.100 96.5 

0.050 . . 99 5 

0.100 98 0 

0 250 97 0 


The effects of the various impurities on the mechanical properties of copper may be 
summarized as follows: 

Arsenic toughens, hardens, and increases the tensile strength of copper when 
present up to at least 1.5 per cent. It will not impair the forging properties when 
added in amounts up to 0.5 per cent and' invariably improves the forging properties 
of impure copper. 

Antimony hardens and strengthens copper, though not to the same extent as 
arscinc. It is not detrimental in amounts up to 0.5 per cent if other impurities are 
absent and the pn)per amount of oxygen is present. 

Bismuth has by far the most deleterious effect on copper of any impurity; 0.02 per 
cent makes copper red short, 0.05 per cent makes it cold short, and 0.1 per cent makes 
it very brittle. The injurious effects of bismuth may, to a certain extent, be counter- 
acted by the presence of oxygen. 

Cobalt is said to confer greater durability at high temperatures and toughens, 
hardens, and strengthens copper in the cold. 

Iron, when present in amounts in exc.ess of 1 per cent, makes copper hard and 
brittle. , 

Lead when present alone in copper reduces the strength, ductility, and toughness 
of copper, as the latter has no solvent power for lead. The latter, therefore, honey- 
combs the structure more or less uniformly and greatly weakens it above ordinary 
temperatures. In the presence of oxygen and arsenic lead may occur to some extent 
without ill effects. In the absence of oxygen and arsenic 0,1 per cent load will make 
copper unworkable, but with oxygen and arsenic present this amount is claimed to 
make copper roll better. 

Nickel in small amounts — a few tenths — ^imparts strength, toughne^, and increased 
resistance tn deformation at high temperatures. In Germany, copper containing a 
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small amount of nickel is preferred to arsenical copper for the manufacture of fire-box 
sheets. 

Oxygen in commercial, impure wrought copper is essential where the metal has to 
withstand repetition of small stre^sses, exposure to atmosphere, influence of corrosive 
agents, etc. Its presence offsets the harmful effects of bismuth, lead, etc. Copper 
containing too much oxygen is cold short, and, if the oxygen is in great excess, the 
rnetal is also hot short. c 

Silicon^ when added to copper in amounts up to 3.5 per cent, increases the hard- 
ness and assists in the production of sound castings. With 6 per cent silicon, copper is 
brittle. A small amount of silicon, 0.1 per cent, added to copper will increase the 
fluidity of molten copper so that castings free from blowholes can readily be produced. 

Silver in copper benefits its mechanical properties and has no effect upon its hot- 
working properties. • 

Sulphur in copper forms a highly dangerous brittle constituent and is very detri- 
mental to the mechanical working of copper. When pr(*sent, its bad effects may, to 
a large degree, be counteracted by the addition of manganese or aluminum. 



CHAPTER XXVIII 


REFPNING OF GOLD AND SILVER BULLION 

By Elry J. Wagor' 

Partmg.—Gold and silver are so intimately associated in all classes of bullion 
produced in either mining or metallurgical operations that refining processes 
must not only consider the elimination of the base metals present in the alloy, 
but also the “parting” or separation of the gold and silver. This separation is 
effected either by dry, wet, or electrolytic methods. 

The dry method is based on the conversion of the silver in the alloy to a chloride 
or a sulphide, while the bullion is in a state of fusion. This principle finds application 
in the so-called Miller process, in which chlorine gas is passed through the molten 
metal, converting the silver and base metals into chlorides which pass off as fumes or 
are skimmed from the surface of the molten charge. The use of this method is, of 
course, restricted to bullion carrying limited amounts of silver. 

The wet method depends upon the solubility of silver and the iasolubility of gold 
in either nitric acid or in boiling, concentrated, sulphuric acid. In practice, the 
sulphuric acid-parting process has gradually superseded the older and more expensive 
nitric-parting process. 

The electrolytic method is essentially a wet method, but is based on electrochemical 
rather than simple chemical reactions. Electrical energy is used to produce chemical 
changes by the passage of a current through an electrolyte. The Moobius, Balbach 
and other silver-refining prooessens for refining bullion in which silver predomi- 
nates in the alloy depend on the solubility of silver and the insoliibility of gold at one 
electrode, and a deposition of silver nt the other under current action in a nitric 
electrolyte. The only differences in these silver-refining methods arc certain mee.hani- 
cal variations and arrangements in the e(piii)ment used. The application of electro- 
lytic parting to bullion in which gold is the predominant metal is found in the Wohlwill 
process of gold refining based on the solubility of gold and the insolubility of silver at one 
electrode, and deposition of gold at the other, under current action in a chloride 
electrolyte. 

In this general outline of methods used in the parting of gold-silver alloys, detailed 
consideration will first be given to the Miller process, or the refining of gold bullion 
by the use of chlorine gas. 

Miller Process of Chlorination. — The equipment and the pperation of a 
comparatively recent installation in the Royal Mint at Ottawa, Canada, are 
described by Messrs. Cleave and Bond.* 

This plant operates sixteen chlorination, two tilting, and four ordinary furnaces. 
The chlorination furnaces are of fire clay, cylindrical in shape, with an inside diameter 
of 9 in. and a depth of 18 in. This batt<‘Ty of furnaces is connected with a large flue 
chamber provided with a spraying system for washing and cooling the fumes developed 
in the operation of chlorination. Provision is made for the recovery of values in the 
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water through which the fumes have passed in a series of filters and settling tanks. 
Chlorine gas is supplied from cylinders housed in a brick, leakproof closet. The gas is 
conductexl through a heavy lead pipe extending along the top of the flue chamber with 
a branch leading to each furnace fitted with a valve for regulating the flow of gas to 
the different units. 

Clay crucibles are used having a height of 11J4 in. and a diameter at the top of 

in. tapering to in. at the bottom. These arc provided wilh slotted covers to 
allow inserting and withdrawing the clay pipe stems, which are about 2 ft. in length 
and Yi 6 in. in diameter. In the operation of chlorination, the clay crucibles are placed 
inside of graphite crucibles as a safeguard against leakage or breakage. 

Bullion for treatment is first melted in a tilting furnace in charges of from 7,000 
to 8,000 oz. After the chlorination equipment is brought to a red heat, 600 to 700 oz. 
of the molten bullion fn)m the tilter are pounnl fnto each crucible, sufficient borax 
having been previously added to form a cover in. in thickness. The pipe stems arc 
forced to the bottom of the crucibles and held in position by clamps. The gas is 
turned on slowly at first and the flow is gradually increased to the maximum where 
no free chlorine is given off. '’Fhe base metals are immediately attacked, and pass off 
in dense fumes, which are drawn into tin; chamber through the furnace flues. 

After the base metals have Ix^en practically eliminat(*d, chloride of silver is formed, 
which floats on the surface of the gold beneath the borax cover. When chlorination 
has been completed, determined by a brownish stain formed on a clay rod held in the 
fumes, the remaining silver chloride and other impurities arc baled off. The gold is 
then cleaned up with bone ash and poured into a mold and the crucjible is ready for 
another charge. 

The time necessary for the* completion of the operation depends, of course, on the 
amount of silver and base present in the bullion. Bullion (u)ntaining 800 parts gold, 
150 parts silver, and 50 parts base metal per 1,000 reejuires P4 hr. for chlorination, 
and during this period it is neci^ssary to l)alo off the silver chloride formed three times 
to prevent it from overflowing the crucible. 

The chlorides baled off during th(i opc^ratioii an* remeltod in a No. 45 graphite 
crucible, and sodiuyi carbonate is slowly c.hargcd in on the top of the melt. This 
effects a partial reduction of the chloride to metallic silver, which, in settling to the 
bottom of the crucible, carries with it the gold contained in tlui chloride. ''Fhe charge 
is allowed to cool sufficiently to solidify the metal, and the still molten chloride is 
poured into shallow molds. Tlie silver containing the gold is cast into anodes and 
refined by the electrolytic Moebius process. 

The chloride cakes are treated in a tank with boiling water to remove the base 
chlorides, and then placed in anothc'r tank in alternate lay(*rs witli iron plates for 
reduction of the chloride to metallic silver. This silver will sometimes approximate 
a fineness of 999. The gold from this process will average 99G.5. With a plant as 
outlined, it is possible to produce 250,000 oz. of refined gold in a 48-hr. week. 

Sulphuric Acid Parting. — This process has been described in detail by Schnabel 
in his ‘‘Handbook of Metallurgy/^ by T. K. Rose in “The Metallurgy of Gold,’^ 
and by others, and consists essentially in four operations as follows: (1) blending 
of the bullion to required . fineness and preparation for parting operation; (2) 
dissolving of the silver by sulphuric acid; (3) treatment of the residues for gold; 
(4) recovery of the silver from sulphate solution. 

Blending of the Bullion. — llie bullion must be blended or mixed in such pro- 
portion that a melt of prescribed weight must contain certain definite ^proportions 
of gold, silver, and base metals. The make-up varies in different plants, ranging 
from 2yi to 4 parts of silver to 1 part of gold according to the amount of copper 
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present. The sulphates of the base metals present in the bullion are only slightly 
soluble in concentrated sulphuric acid and care must be exercised in keeping the 
base-metal content within certain limits. The copper present should never exceed 
10 per cent, and, if possible, should be kept under 6 per cent. I^ead, up to 5 per 
cent, does not materially interfere with the process. The bullion is melted in 
graphite crucibles^in melts of from 3,600 to 6,000 troy oz. 

In order to expose the maximum amount of surface to the action of the acid, these 
melts are either granulated or poured into thin slabs. Granulations are made by 
pouring the molten metal, in a small stream with a whirling motion, into large copper 
tanks filled with cold water. After pouring, the water is drawn off and the granu- 
lations arc dried on heated trays of either copper or iron. Slabs for parting are cast 
into shallow iron molds in. deep by 9 in. wide by 15 in. long. The advantage 
claimed for the slabs over granulations is in the less violent action of the acid, thus 
affording better control of the dissolving action. 

Solution of the Silver. — Tliis is effected in cast-iron pots of fine-grained, com- 
pact, white iron containing a small percentage of phosphorus or silicon. These 
pots are usually hemispherical in shape, 40 in. or less in diameter, with a 1 to 
2-in. wall. Covers, either of cast iron or heavy sheet lead reinforced with iron, 
are fitted to the pots with lead-pipe connection for carrying off the fumes of 
sulphur dioxide and openings for charging with metal and acid. Dissolving 
kettles have capacities ranging from 3,600 to 16,000 troy oz. 

For each part of silver in the bullion, 2 to 23-2 parts by weight of commercial con- 
centrated sulphuric acid, 66°B6., are added. Heat to facilitate action of the acid is 
usually applied by wood fire and extreme care must b(i used in regulation of the tem- 
perature in controlling the ebullition. One-half of the total acid required is added 
at the start, and the reinaindc‘r from time to time as the action warrants. During 
action, the charge must be stirn‘d orcasi^inally with an iron tool. The time required 
for complete solution of the silver varies from 6 to 12 hr., deperyling on the amount 
of base metal present and the care with which repeated stirrings are made. The acid 
vapor^i are led to a condensing chamber where parti(;les of silver sulphate carried over 
may be deposited. SOa may be recovercal in leaden chambers as sulphuric acid, 
ferrous sulphate, or hyposulphite. 

The reaction represented in the process would be 

Ag^a -f 2 H 2 SO 4 = AgS()4 + SO 2 -h 2H20 

The base sulphates arc only slightly soluble and, therefore, have a tendency to stay 
with the gold residues; their chemical reactions arc, as a rule, quite complex. In the 
end a small amount of cold acid is added to help clear the solution. The clear solu- 
tion of silver is ladled or siphoned into lead-lined tanks partly filled with hot water 
in which the precipitation of the silver is effected. 

Treatment of the Residues for Gold. — Repeated boilings of tKe gold residues 
with fresh concentrated acid are necessary to remove the remaining silver and 
base metal. Often as many as seven boilings are necessary. Residues are finally 
washed with hot water or hot, dilute acid to remove the anhydrous sulphates. 
The gold is pressed, dried, and melted with a flux of niter and bone ash, and is 
cast into bars having an average fineness of 995. 

Recovery of Silver from Sulphate Solution. — Silver may be recovered from 
solution by precipitation with copper, iron, or ferrous sulphate. The most 
common method is by copper replacement, in which the solution is brought to ai 
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concentration of by steam^ and silver is precipitated as cement silver on 

scrap copper placed around the sides and on the bottom of the tank, or, better, 
on slabs of copper hung vertically in the solution. After the silver is completely 
precipitated, it is allowed to settle and the clear solution siphoned off. The 
silver is removed to a wooden filter tank where it is thoroughly washed. After 
pressing into cakes, it is dried and melted, giving a product, after fluxing, 990 to 
998. Further refinement, if necessary, may be accomplished by cupellation. 
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Dia<3Ua.m 1. — Silver refinery flow sheet. 



In the iron method of recovery, the silver sulphate is separated out in solid form and 
packed in layers alternating with layers of sheet iron. This method is attended with 
much heat and considerable gassing, but is more economical. The silver may be also 
recovered by running a hot solution of ferrous sulphate through a filter containing 
crystals of sulphate of silver according to the reaction 

Ag,S(), + 2FeS04 = Aga + Fe^CSOOs 

The ferric sulphate may be reduced by iron and used again for reduction of the silver. 

Where copper is used for precipitating the silver, the copper in the mother liquor 
may be crystallized as copper sulphate by alternate evaporation and crystallization 
on lead sheets suspended in lead-lined tanks. 
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Sloctrolytic .ProcesseB. — Electrolytic methods of refining have, to a large 
extent, replaced or supplemented the acid-parting process not only in large-scale 
operations but also in the smaller plants, in private as well as government-oper- 
ated refineries. The advantages over acid parting may be summed up as follows: 
(1) lower cost of operation; (2) higher standard of refined product; (3) neatness 
of operation and absence of noxious fumes ; (4) recovery of the platinum metals 
as by-products. 

The Moebius and Balbach systems of silver refining find application in the 
treatment of bullion ranging from a few points of gold, dor6 silver, up to 350 parts 
per 1,000; the Wohlwill process of gold refining, in the treatment of bullion containing 
860 or better of gold per 1,000. 



Pig. 1. — MoobiuR cells. Anode shown at left. Stripping cathode at right. 


The Moebius Process.^ — Wooden tanks of pitch pine may be used, thoroughly 
tarred to prevent leakage. These tanks, 2 ft. wide by 12 ft. long, arc divided by 
transverse wooden partitions into seven compartments or units. Irt each compart- 
ment are suspended three rows of anodes and four rows of cathodes. The anodes 
are suspended in muslin bags or cloth frames which serve to collect the undis- 
solved metals and prevent contamination (jf the deposited silver. The cathodes 
are thin, rolled strips of pure silver, which are straddled by mechanically oper- 
ated wooden scrapers removing silver crystals as fast as they are deposited, 
and serving to keep the electrolyte uniform by gentle agitation. A removable 
tray is placed under the electrodes for removal of the silver, and all arrangements, 
1 For ft description of this process as practiced at Maurer, N. J., see Griswold, G. G. , Eno,f Mining •f 
lOT (May 3. 1919) 789. 
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electrodes, scrapers, etc., in each unit arc carried on a frame and can be lifted 
together from the refining tank. 

The electrolyte is a weak solution of silver nitrate containing free nitric acid, 
though the operations may be started with a dilute solution of nitric acid. 

In the treatment of dor6 silver bullion the permissible current density varies from 
20 to 28 amp. per square foot of cathode surface and the potential across the elec- 
trodes, or of the unit, is from 1.4 to 1.5 volts. At this density about 40 per cent of the 
daily output of each unit is permanently held in stock in cathodes and electrolyte. 
The energy consumption is 13.2 watt-hr. per ounce of silver deposited. 

The anode mud, consisting of gold, some silver, lead as peroxide, and other 
insoluble metals, is removed periodically from the bags, and, after washing, is parted 
by acid or other means. , 

The silver is deposited in a loose crystalline form easily removed from the cathode, 
although at lower current densities it is deposited in a more adherent form. An addi- 
tion agent, as gelatin or glue in the electrolyte, to harden the deposit, is effective only 
when the solution is comparatively free from base metals. 

Balbach Process,* — The electrolyte used in this process is the same as 
used in the Moebius, but the anodes, instead of being suspended vertically in the 
electrolyte, arc jjlaced horizontally in filter frames or baskets supported on the 
edges of the tanks, and the silver is deposited on a cathode fitted to the bottom of 
the refining cell or tank. Originally, this cathode was made of silver, but the 
universal practice now is to use graphite plates, hi. thick, cut to size 
to fit the bottom of the refining tank. Contact with these plates is effected by 
use of silver candle-shaped contact pieces cast in a special mold, and in a similar 
manner electrical connection is made with the anode. The anodes are cast in 
thin slabs and placed in the muslin-lined wooden frames or baskets with grill 
bottom. The insoluble residues accumulate on the under side of the slabs as the 
parting progresses,^ thus gradually increasing the resistance of the cell. The 
deposited silver is removed from the bottom of the cell by a long-handled scoop of 
wood or hard rubber; the anode basket being raised clear of the cell to facilitate 
the operation. 

The distance between the electrodes is 4 in. and the depositing surface about 
8 sq. ft. With a voltage of 3.8 per tank and a current density of 20 to 25 amp. per 
square foot, the energy consumption is 31.5 watt. -hr. per ounce of silver produced 
and 32 per cent (approximately) of the daily output is held in process in electrolyte 
and contact pieces. No agitation or circulation of*the electrolyte is required in this 
process. 

A critical comparison of the Moebius and Balbach systems is made by 
F. D. Easterbrook.® It is to be noted that the Balbach cell is simpler in its operation, 
having no moving parts. Its energy consumption, liowever, is greater, and its deposit- 
ing surface per unit of floor area is considerably less than that of the Moebius. 

An innovatit>n in silver refining luis recently appeared in the Ottawa Mint, Canada, 
and is described by A. H. W. (Cleave.® 

The new cell makes use of a nutating cathode and permits of a current density of 
150 iunp. per square foot of cathode surface at a voltage of 2.5 without unduly increas- 

* " balbach Refinery,” Elec. Chem. Ind., t, p. 302; Thum and Eahtehbhook, Electro, Chem. Met. 

Ind., 6 . 

* TrwM. Am. Elcctrochem Soc., 8, 126. 

* Snfu Mining J.-Prcus, 116 , 21. 
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ing the temperature of the electrolyte. These cells are 36 in. in diameter and the 
electrolyte is contained in the annular space 8 in. wide by 18 in. deep between the 
outer and inner walls of the cell. The cathode carrier is supported at the center of 
the cell and is revolved by a shaft passing through this central hollow space. The 
deposited silver is loosely adherent and is automatically scraped from the cathodes, 
^ falling into removable trays from which the silver is removed every 4 hr. 

An interesting comparison between the Moebius and new type of cell is given by 
Cleave.' 


Old cell 


New cell 


Amount of electrolyte in cell. . 
Weight of cathodes in use. 


Anodes in use . 

Current con.sii nipt ion 

Current density per square foot, cathode 

surface 

Efficiency 

Labor required . . 

Condition of ele(!trolyte 

Agitation of electrolyte 


Output of silver per cell per hour 


71 imp. gal. 

285 oz. (renew- 
able every 3 
weeks) 

5,104 oz. 

1.2 volts (350 
amp.) 

13 amp. 

38 per cent 
Stripping cath- 
odes twice daily 
Continually gain- 
ing in strength 
By mechanically 
driven stirrers 
(not thorough) 
17.30 oz. • 


52 imp. gal. 

311 oz. (no re- 
newals required) 

2,310 oz. 

1.2 volts (400 
amp.) 

75 amp. 

78 per cent 

No stripping re- 
quired 

(kmstant 

By rotation of 
cathode (thor- 
ough) 

40.30 oz. 


The United States government in its Mint and Assay Service operates three elec- 
trolytic refineries. All classes of bullion are received for refining, except that in which 
the base-metal content exceeds 800 parts per 1,000, and electrolytic processes are used 
exclusively in the parting and refining operations, the Moebius and Balbach-Thum 
processes for silver, and the Wohlwill method for gold. Most of the refined silver is 
produced by the Moebius or “vertical system,” the Balbach-Thum or “fiat cells” 
being used to supplement the Moebius-cell operation in treatment of the unparted 
anode remnants and bullion too base to be handled by the “vertical system.” 

The cells used in the “vertical system” arc of vitrified, acid-proof stoneware, 
either of brown earthenware or domestic porcelain, 44 in. long, 24 in. Ivide, and from 
18 to 24 in. deep. The electrode supports are either hard-rubber rods reinforced by 
a steel core, or close-grained maple sticks, rounded on one side and painted with an 
acidproof paint. Half-round conducting strips of either gold or silver cover the top 
sides of the electrode supports and are fastened to bus bars placed along the edge of 
the cells. The distance between electrodes Varies from 2M to 3 in. The anodes 
are cast with a hole in the top and are suspended in muslin bags from the conducting 
supports by C-shaped hooks of gold. The cathodes are strips of silver rolled out to a 
thickness Of H in. and bent over at one end t/) hang from the supports. 

^Loc. dt, ‘ 
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The electrolyte is a 8 per cent solution of silver nitrate containing about 2 per cent 
of free nitric acid. It is kept uniform either by circulation effected by air lifts of hard 
rubber, forcing the solution from the bottom of the cell and discharging at the surface, 
or by gentle agitation furnished by glass propellers connected to a motor-driven line 
shaft. 

The first step in the operation is the preparation of the bullion for refining; the 
making of anodes for the refining cells. While the process allows considerable latitude 
in the amount of gold in the anode, it is customary in practice, in order to secure more 
uniform conditions in the cells, to make up anodes having a definite ratio of gojd to 
silver. The usual make-up is an alloy containing 300 to 350 parts of gold per 1,000 
with not over 100 to 160 parts of base produced by blending low-grade gold bullion, 
which cannot be handled directly by the Wohlwill process, with bullion in which the 
silver predominates. These silver anode melts (A* from 4,500 to 4,800 troy oz. are 
melted in No. 100 graphite crucibles and cast into anodes of the desired shape and 
size. A tapering pin in the mold provides the hole in the anode used for suspension 
in the cell. 

A cufi'ent density of 14 arnp. per square foot of cathode surface is maintained, 
using a voltage of from 1 to 1.3. Under current action, the silver and base metals 
are dissolved at the anode, the gold and insoluble residues remaining in the muslin 
bag in a brittle brownish-black condition resembling a poor grade of lignite. This 
“black gold,” as it is called, retains the original shape of the anode, and when removed 
from the cells it is broken up to remove “cores” of unparted bullion which it some- 
times contains. After a thorough washing with hot water the black gold is dried and 
melted into anodes for treatment by the Wohlwill i)rocess. The fineness of these 
anodes depends not only on the quality of silver anodes from which obtained, but also, 
on the current density, used in the parting operation and the condition of the elec- 
trolyte. The fineness ranges from 800 to 900 parts of gold with 80 to 100 parts of 
silver. 

Pure silver is deposited on the cathodes in a crystalline form which is scraped 
from the cathodes at intervals into porcelain jars. Crystals which fall to the bottom 
of the refining cellsb arc periodically removed and added to the cathode production. 
The collected silver is thonmghly washed with hot water, either in porcelain filters or 
earthenware centrifugal machines. In the latter case, the silver is placed, in an 
earthenware basket or rotor, lined with 7-oz. cotton duck, provided with a series of 
channels at its periphery for carrying off the wash water. This basket makes 800 
r.p.m. and washing is effected very rapidly. After washing, the centrifugal is operated 
for a time, drying the silver sufficiently to be removed and charged into the crucible 
for melting. If washing is done in an ordinary filter, provision is made for drying the 
silver crystals in a steam drying oven. The silver is melted in No. 100 to 125 graphite 
crucibles in melts of 5,000 to 5,500 troy oz. without the use of fluxes, and cast into bars 
having an average fineness of 999.5. A cast-iron cover, placed over the mold after 
pouring, prevents “spitting” of the silver in cooling. 

There is a gradual depletion of silver and acid in the electrolyte as the base metals 
pass into solution at the anode, and this must be taken care of by additions of strong 
silver nitrate and nitric acid. The electrolyte is tested at intervals to determine the 
extent of this depletion. Titrations are made with potassium thiocyanate, using 
ferric sulphate as an indicator for silver determinations, the acid being determined 
by potassium hydroxide, with methyl orange as an indicator. 

The “flat cells” of the Balbach-Thum process, used to work up the cores or 
unparted remnants of the bullion from the vertical cells, are of brown earthenware, 
39 in. long, 19 in. wide, and 12 in. deep. The tray or basket, in which is placed the 
unrefined bullion, is either of earthenware or of wood. If wooden baskets are used, 
no metal should be used in their construction. Several thicknesses of filter cloth are 



REFlNim OF GOLD Af/D SILVER BULLION 

needed in tiie basket, as the parting is attended with considerable heat. Connection 
is made to the anode by a candle made up of a 50 per cent gold and 50 per cent silver 
alloy, which easily withstands the action of the current, and to the carbon plates or 
cathodes by long candles of fine silver. Copper lugs are fastened to the tops of these 
candles for connection with the conducting cables. The distance between electrodes 
is about 6 in. and the depositing surface is 5 sq. ft. The resistance of this cell is high, 
requiring a potential of 5 volts to maintain a current density of 14 amp, per square 
foot. No agitation or circulation of the electrolyte is needed. 

The operation of these cells is similar to that in the vertical cells. The silver is 
removed by long-handled scoops of rubber or wood and added to the production of the 
other process, and the ‘^black gold’* from the baskets is washed and melted into 
anodes for the gold cells. Three or four of these cells will take care of the cores from 
sixteen vertical cells. * 



Fia. 2. — Wohlwill cells with glass-propellor agitation (foreground) ; Moebius colls (center ) ; 

Thum-Balbach cells with candle connections (right). 

The electrolyte becomes foul in time and is drawn oflf, and the silver in this solution, 
together with the wash waters from the fine silver and black gold, are recovered by 
precipitation on copper scrap as cement silver. This recovered silver may be used in 
the making of strong silver nitrate for additions to the refining cells or in the make-up 
of silver anodes. 

A flow sheet of the silver-refining process (Fig. 1) outlines the general procedure 
in the government refineries. 

Wohlwill Process of Gold Refining. — The cells are of white Royal Berlin 
porcelain, 16 in. long by in. wide by 12 in. deep, inside, usually arranged in 
batteries of twelve to fifteen celb connected in series. One plant is successfully 
using cells of domestic porcelain 44 in. long, 24 in. wide, and 18 in. deep. Elec- 
trode supports are of porcelain or hard-rubber, steel-reinforced rods, or, where the 
larger cells are used, maple sticks painted with acidproof preparation are used. 
As in the silver system, these supports are covered with strips of gold for 
the current. The anodes are east with a hole in the top and suspended 
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from the anode supports by C-shaped gold hangers or hooks. They are cast in a 
shape to minimize the amount of scrap to be retreated as shown in the accompany- 
ing illustration. 


Residues 
from Silver Process 
and Gold Bullion over 
850 Fine 

Fine Gold Bars or Gran | 
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Water 
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Solujtion 


Settling Ta nk 
Sewer 


Diagram 2. — (lold refinery flow sheet. 



While anode C seems to offer the smallest percentage of scrap for remelting, a 
larger percentage of the anodes were broken when casting, as the metal is often quite 
brittle. At best, about 10 per cent of the metal treated in the cells is returned for 
remelting in the form of anode tops. The tapering of the anode in its thickness 
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permita of more uniform corrosion in the cell; the strongestr action being at the solution 
line. 

The cathodes are strips of fine gold rolled out to a thickness of 0.01 in. and cut to 
proper length. One end is turned over to permit of hanging from the cathode support. 
These starting sheets are annealed to prevent warping or buckling in the cell, care 
being used not to soften the turnover which supports the weight of the deposited gold. 

The electrolyte ^s a solution of gold chloride containing 50 to 60 g. to the liter of 
gold, with 5 to 7 per cent of free hydrochloric acid. It is kept uniform in the same 
manner as the silver cells, either by circulation, using an air pump, or agitation fur- 
nished by glass propellers. 

The current used is a pulsating or non-sym metrical alternating one, obtained by 
connecting a direct-current generator in senes with an alternating-current source, 
which source may be either an altl»rnatJng-currcnt generat(>r of pn)per voltage, or a 
high-voltage source stepped down by use of an induction regulator. The refining 
can be done by direct current alone, but the pulsating current makes possible the 
refining of gold bullion containing a higher percentage of silver at higher current den- 
sities and with less free acid. This current, its application and advantages, are 
described by the inventor, Dr. Emil Wolilwill ‘ 

In each cell there are three anode and four cathode supports. Three cathodes are 
suspended from each support, giving a total depositing surface of 2.8 sq. ft. per cell. 
The depositing surface m the large cells mentioned is 10 sq. ft. The current density 
used is from 50 to 70 amp. per sejuare foot of cathode surface, and the ratio of alter- 
nating to direct current is determined by the silver content of the anode. 

Under current action, the anodes which contain from 8 to 10 per cent of silver are 
dissolved, the gold as well as the platinum imdals together with the base passing into 
solution, while the silver is changed to insoluble chloride and falls to the bottom of 
the cells. Osmiridium crystals in the anode are not affected by the current and fall 
with the silver cliloride. An (*xc(‘ss of silver in the anodes forms a coating of chloride, 
which protects thi'in from further action, thus rendering them practically insoluble, 
and an evolution of chlorine results. 

The gold deposited at tin* cathode is verv hard and quite deyse and the starting 
sheet IS melted with the deposited gold. The cathodes are removed after receiving 
a depqsit of from 150 to 200 oz. of gold, washed in porcelain filters, dri(*d, and melted 
without the use of fluxes in melts of 8,000 to 0,000 oz. and cast into bars having an 
average fineness of 999.5 to 999.8. Frequently, these melts will run to 999.9 in 
fineness. 

As the base metals are dissolved at the anod<* the gold content of the electrolyte 
dnips and it is necessary to add .strong gold chloride at intervals. A rapid and fairly 
accurate method of testing the electnilyte is to precipitate the gold in 1 c.c. with an 
excess of ferrous ammonium sulphate, and to determine the excess used by til rating 
back with potassiuin permanganate. The fernius solution is prepared by dissolving 
154 g. of the salt in 500 c.c. of distilled water, adding 6 c.c. of concentrated sulphuric 
acid and diluting to 1 1.; 1 c.c. of this solution will precipitate 25 mg, of gold. The 
permanganate solution is made up so that 1 c.c. will ecjual 1 c.c. of the ferrous solution 
by dissolving 12.3 g. of the salt in 1 1. of distilled water. 

In order to take care of the depletion of gold in the electrolyte, it is necessary to 
keep constantly on hand a stock of strong gold chloride. This chloride is made 
either by dissolving fine gold bars or granulations in aqtui regia^ or electrolytically, by 
passing a current through an electnilyte of concentrated hydrochloric acid, using 
anodes of fine gold and fine gold cathodes suspended in a porous porcelain cell. The 
piorous cup prevents the deposition of the gold at the cathode and the gold dissolved 
at the anode is retained in solution. In either method the operation is carried on ^ 

1 Met. Chem. Eng., 8 (February, 1010) 
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Fiq. 4. — Motor-driven earthenware centrifuRal for washing and dryinp slimes. 



Fig. 6.— WoblwiU cells. Anode shown on left, cathode on right, thin rolled gold strips 
in foreground for starting sheets. 
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under a hood. The resultant gold chloride has a strength of 375 to 450 g. of gold per 
liter. 

About 6 per cent of the gold treated falls mechanically into the silver chloride 
slimes. The reduction of the silver chloride is effected by xise of granulated sine in 
porcelain tanks, sufficient acid being present to start the action. After reduction is 
complete, the slimes are thoroughly washed in a filter or centrifugal machine and 
melted directly intp anodes for the silver-refining cells. These slimes will average 
in fineness from 250 to 500 parts gold, 30 tt» 40 parts base, balance silver, and in the 
melting, sufficient gold or silver bullion is added as required to produce an alloy of the 
fineness required by the silver-refining operations. 

The gold in the spent electrolyte and wash waters is recovered by precipitation 
with ferrous sulphate or by scrap copper. As gold so recovered is in a very fine state 
of division and difficult to melt aiyi wash without loss, an electrolytic recovery is to 
be preferred. This is accomplished by the use of a doiil)le-(!Oinpartment cell in which 
a small cell is placed in the center of a large cell. The inner (sell is charged with con- 
centrated hydrochloric acid, while the foul electrolyte is placed in the outer cell, and 
connection is made between the two solutions by a series of short, glass siphons rest- 
ing on the edge of the inner cell. The air is exhausted from these siphons and the 
solutions enter, thus permitting a flow of current through th(i electrolyte. Anodes 
of fine gold are suspended in the inner cell and gold strips in the outer cell. Under 
current action, gold chloride is formed in the iimer compartment and the gold in the 
spent electrolyte is deposited on the cathodes. By regulation of the voltage, prac- 
tically all the gold in the foul electrolyte may be plated out and the gold so obtained 
forms parts of the regular production of the cells. One or two of these plating cells 
will handle all the foul electrolyte from forty-tnght of the small refining cells and at 
the same time add considerably to the stock of strong gold chloride. 

As the government has no interest charges to ctiiisider, on metal held in process, 
the noble metals are used for conductors, and the problem of securing good electrical 
contacts is in a measure eliminated. 

A flow sheet (Fig. 2) shows the procedure in gold-refining operations. 

All the foul solution from which the silver and gold have been recovered is pumped 
into large wooden tanka containing scrap iron, in which the copper is recovered as 
cement copper, and any gold, silver, or platinum metals which have escaped the pre- 
vious operations are recovered. To recover the values in this cement copper, a small 
electrolytic copper plant is operated, producing pure copper and a sludge containing 
the precious metals. This sludge is a veritable drag net of impurities, containing 
besides Au, Ag, and Pt, the base metals Cu, As, Sb, Pb, Bi, etc. This is usually 
handled in small amounts in silver-anode melts and the precious metals recovered 
from the regular process. 

Platinum Recovery. — To the spent electrolyte from the gold-refining cells is 
added a saturated solution of ammonium chloride, which precipitates incompletely 
the platinum as the yellow double salt, platinum-ammonium chloride, together 
with salts of iridium and other platinum metals. This precipitate is allowed to 
settle and the solution is siphoned into a tank and electrolyzed, using insoluble 
carbon anodes and gold cathodes. An evolution of chlorine at the anode forms 
with palladium the red double salt, which falls to the bottom of the tank, and 
gold is deposited at the cathode. This method of palladium recovery is not used, 
however, when the gold has been removed by methods previously mentioned. 

These first precipitations of platinum and palladium contain 15 to 20 per cent of 
impurities. They are washed with a solution of ammonium chloride, dried, and 
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reduced to metnllic sponge by gentle heating. Purification of the sponge is accom- 
plished by redissolving and reprecipitating. The usual procedure in refining platinum 
sponge is to use aqua regia jis the solvent and to evaporate the solution to dryness to 
expel the nitric acid and reprecipitate the platinum with ammonium chloride. In 
large-scale operations this is a very tedious method, and in the government refineries 
solution of the crude or impure sponge is effected electrolytically as follows: 

The crude sponge is placed in perforated stoneware cells holding about 250 oz. 
which are suspended in an electrolyte of hydrochloric acid and serve as the anodes. 
The cathodes are platinum strips suspended in porous porcelain cells, to which has 
been added hydrochloric acid. The action is similar to that of the cell previously 
described for the manufacture of gold chloride, the platinum being dissolved at the 
anode and the porous cup preventing the deposition of the dissolved platinum. This 
platinum solution is filtered and the platinum pr^pipitated in the usual manner with 
ammonium chloride, which yields a sponge having a purity of 99 per cent or better. 
As the precipitation of platinum from its solutions is rarely complete, the filtrates 
and wash waters are treated with metallic zinc for the recovery of the remaining 
values. 

The purification of the red salt of palladium is effected by first washing with 
ammonium chloride, dissolving in ammonium hydroxide, filtering, and reprecipitating 
as the yellow salt by cautiously adding hydrochloric acid to the ainrnoniacal solution. 
This yellow salt is redissolved and reprecipitated as above, yielding a sponge after 
washing and reduction, 99 per cent or better. 

An excellent treatise on the metallurgy of platinum is given by Louis Duparc,* 
which has been translated by Redding and Nelson. ^ 

1 Dupaiic, Louih, "Le Platine Du Monde," Chup XV. 

* lleport of State MineruloRiHt of Calif ornia, 28 (April, 1922). 
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HYDROMETALLURGY OF GOLD AND SILVER 

By W. J. SiiAUwooD^ 

• 

Occurrence of Gold.— Native gold is invariably alloyed with more or less 
silver, but it is exeeptioiial to lind any other metal in the alloy. It is found in 
veins associated with cpiartz and various sulphides — notably pyrite, pyrrhotitc, 
galena, chalcopyrite, arsenopyrite, less commonly blende; sometimes with carbon- 
ates, especially ankerite; and small proportions of tellurides of lead and bismuth. 
Sometimes the metal is finely disseminated through such sulphides, sometimes 
deposited on the surface of the mineral particles in fairly large grains. One 
particular sulphide, e.g.j chalcopyrite, may monopolize the gold. In the oxidized 
portions of veins the gold is often associated with limonite, and gold-bearipg 
quartz often contains small proportions of copper carbonates and manganese 
oxides. Electrum, containing 35 })cr cent or more of silver, is found only in the 
vicinity of silver mines. When gold is found apparently disseminated in igneous 
or metamorphic rocks, minute vcinlets of (luartz or carbonate usually accompany 
it. 


Gold tclluridc, usually containing silver and sometimes mercury telluride, occurs 
in veins of quartz and carbonate; when oxidized, the resulting native gold is often 
extremely pure and finely divided, and may be coated with tellunjus oxide (mustard 
gold). 

The gold of placers or creek and river gravels is found occasionally in nuggets of 
large size, but more commonly in small grains, often water worn; in some deposits a 
considerable proportion of the grains pass a 200-mcsli sieve. The silver content aver- 
ages less than in vein gold, and it is, as a rule, easy to amalgamate. That from 
buried river gravels is similar, but often coated with oxide or sulphide of iron. The 
gold of sea beaches is usually finely divided or in thin scales. 

For metallurgical purposes gold has been roughly classified as ‘Tree’* or amal- 
gamable and “refractory;" “float gold" is fine and in a condition making it easily 
floatable on water — the telluride is also easily floated — “rusty gold" is coated with 
some mineral which retards amalgamation (usually oxide of iron, manganese or tel- 
lurium); “encased gold " is completely enveloped in grains of quartz op other mineral 
and requires finer crushing to liberate it. 

Among the minerals sometimes mistaken for gold may be mentioned pyrite and 
marcasite, and especially chalcopyrite. Grains of the latter, in polished faces of ore, 
often closely resemble gold in color and luster. Thin flakes of biotite and other micas, 
especially when partly oxidized, and other micaceous minerals, such as hematite and 
limonite, may also imitate it closely. 

In panning or concentrating, many people have been misled by heavy lead minerals 
of a yellow color, such as the molybdate, chromate, tungstate, and even the phosphate, 

1 Lead, South Dakota. 
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but these are distinguishable under a lens or low-power microscope by their brittleness 
and transparency. Some of the numerous basic sulphates of iron are at times difEcult 
to distinguish from gold when exposed on freshly fractured vein stuff. Particles of 
natural or artificial litharge, brass, or “spelter solder,” and even superficially oxidized 
lead alloys, sometimes bear an astonishing resemblance to gold. These, and specks 
of native copper or copper from blasting caps, may find their way into mine samples 
or drillings and be found in panning. • 

On the other hand, mustard gold, resulting from oxidation of telluride, may have a 
distinctly earthy luster, and gold of low fineness may be easily overlooked. 

Native silver and the chloride characterize the oxidized zone of most deposits. 
Native silver, usually nearly pure, occurs in very fine particles, threads, etc., and some- 
times in masses which may reach several thousand pounds weight. In the Michigan 
copper mines pure silver and pure copper occi^ attached and intergrown. Some 
native silver contains a little mercury. Coarse lumps are best hand picked, but the 
smaller are concentrated, or amalgamated, and the fines cyanided. 

The chloride (AgCl), is readily reduced to metal by contact with metallic Fe, Zn, 
Al, or even Cu in contact with an electrolyte, and is then easily amalgamated by mer- 
cury. Alkaline cyanide, or thiosulphate solution, dissolves it readily, and also silver 
bromide and iodide which often accompany it; strong solutions of chlorides have less 
solvent action. 

The sulphide (Ag 2 S), dissolves in strong cyanide solution, but not in chlorides or 
thiosulphates. It is slowly amalgamated by mercury when in contact with an elec- 
trolyte, and the action is facilitated by thiosulphates and copper salts, and especially 
in the presence of metallic iron, etc. When roasted it yields Ag 2 S 04 , which is some- 
what soluble in water. 

The numerous complex sulphur-arsenic and sulphur-antimony compounds of 
silver are not so readily amalgamated unless roasted; they are decomposed by grinding 
with metallic aluminum and sodium hydroxide or carbonate. 

Galena often contains silver in the form of sulphide; and the selenide (Ag 2 Se) 
and occasionally the telluride (AgiTc) occur in small amounts in some gold and silver 
ores, and apparenijy in some copper deposits. 

Gold and Silver Alloys. — Pure gold is distinctly softer than silver; either is 
hardened by the addition of a small proportion of the other, or of copper or other 
base metal. In gold-silver alloys the maximum hardness occurs with about one- 
third silver. Small additions of silver reduce the gold color materially, but 
affect the melting point very little up to about one-third silver, hllectrum is 
gold, especially the native metal, containing 15 to 45 per cent silver, rendering it 
pale. Green gold is a similar alloy containing about 10 per cent silver. The 
red-gold alloys contain copper. 

Jewelers’ gold usually ranges from 18 (Au 750) to 10 k. (Au 416) and frequently 
contains both copper and silver as alloy. ^ The lower grades often contain some zinc, 
which helps to counteract the redness due to copper. They are sometimes made by 
alloying brass with gold, but extreme care is necessary to avoid certain impurities in 
the brass or copper used, especially lead or arsenic, which cause brittleness. British 
gold coin is 22 k. (Au 916.6), but alloys as low as 9 k. (Au 375) are recognized and 
hall marked in England. 

White gold is properly an alloy of gold with palladium; if legitimately stamped 18k., 
it will contain 18 parts gold (Au 750) and the remaining 6 parts are palladium, with 
usually a little silver. This alloy has a pure-white color and a high melting point. 

^ See p. 30, MotuUography,*' this book. 
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Palau and rhotanium are similar. A cheap imitation is produced by mating gold 
with a nickel alloy. The mixture sold for producing white gold by adding It to tine 
gold is: Cu, 65 per cent; Zn, 21 per cent; and Ni, 24 per cent. A similar mixture iot 
producing “green gold” is merely brass: Cu, 67 per cent; and Zn, 33 per cent. 

For soldering gold there are many recipes, the aim being to produce an alloy con- 
siderably more fusible than that of which the object is made, but not differing much 
in color. Many of •these soldering alloys contain a considerable proportion of sine 
with copper, silver, and gold; when associated with copper, several per cent of zinc 
do not cause brittleness, though the alloys are often extremely hard and difficult to 
roll. In recent formulas cadmium is substituted for zinc. Such solders lose zinc (or 
cadmium) by volatilization when heated, becoming gradually less fusible. 

Aluminum forms a number of alloys with gold, one of these (AuAlj, 22 per cent Al) 
has a remarkable purple color. The so-called aluminum gold is an alloy of copper 
with about 25 per cent Al, very slightly attacked by nitric acid, and closely resembling 
gold in color, but of low specific gravity. 

Pure silver when melted, absorbs oxygen from the air (up to twenty-two 
times it own volume) unless air is displaced by some other gas or the fused metal 
covered with borax, salt, or charcoal. On cooling to near solidification this 
oxygen is given off suddenly, the surface of metal sprouting or spitting. Small 
proportions of foreign metals usually prevent this. The oxygen is probably 
retained by fused metal as a suboxide, like that held by copper after solidifica- 
tion. Gold does not absorb oxygen. 

Wlien gold or silver containing a small percentage of lead is heated, or is kept 
just below solidifying point, a eutectic rich m lead exudes or liquates out; this often 
oxidizes, producing a peculiar “vegetation ” on the surface. This is due to formation 
of PbO mixed with minute globules of gold (or silver). In extreme cases the entire 
alloy may form a soft, cauliflower-like mass. 

The small proportion of silver alloyed with native gold and mill bullion is of some 
economic importance, usually more than covering cost of marketing refined bars. 
Assuming silver at 50 cts. per ounce, the per cent of gross value due to silver is as 
follows: 


Ratio 

Percentage, 
silver value 

field 

Silver 

900 

100 

0.27 

8(M) 

200 

0 60 

700 

300 

1 03 

600 

400 

i.bo 


500 

2.35 


With silver at $1 per ounce, these figures would be nearly doubled, and for other 
values nearly proportional. 

A minute proportion of lead — ^less than 1 part in 1,000 — makes gold brittle, espe- 
cially when hot. This seems to be due to a highly fusible eutectic, which can be seen 
between the crystals of pure metal in a polished and etched section. Similar effects 
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are produced by Bi, Te, Sn, Sb, As; while Zn and Cd in fair proportions yield less 
brittle alloys. Annealing removes brittleness due to traces of Pb, not that due to 
Bi or Te. Silver is similarly affected by most of these elements. 

Tellurium renders gold extremely fusible; on heating in air the tellurium is slowly 
volatilized or oxidized, leaving bright globules of gold still retaining some tellurium. 

Grold combines or alloys readily with tellurium, and with fusible metals generally, 
forming fusible alloys, it is not attacked by the vapor of selenium or sulphur. Silver 
is at once attacked when heated in the vapor of S, Se, or Te, forming Ag 2 S, Ag 2 Se, 
or Ag 2 Te; like gold it alloys readily with fusible metals. 

Gold resists all single acids, but is readily attacked by aqmi regia; the most effective 
proportions are 1 part of nitric to about 4 parts of strong hydrochloric acid; any mix- 
ture of hydrochloric acid with a nitrate, nitric acid with a soluble chloride, or sulphuric 
acid with a nitrate and a chlor ide similarly attac^l^it. It is very slowly acted upon by 
hot solution of ferric chloride. Moist chlorine gas converts gold into AuC^U. Silver 
combines superficially with (1, the AgCl then protecting the metal unless removed 
by some solvent. For this reason Au-Ag alloys are not dissolved completely by agiia 
regia unless the AgC'l is nunoved from time to time from the surface by scouring or by 
some solvent, such as ammonia, cyanide, or hyposulphite. 

Gold-chloride solutions (AuCb, HAuC^b, NaAuCb, and other chloraiirates) are 
reduced to metal if evaporated and gently heated, and are also reduced to metal by 
nearly all reducing agents such as base metals generally, S ()2 and salts of Fe" and Sn". 
Silver is readily dissolved by nitric or h(»t sulphuric acid, NO or SO-i being evolved, 
but resists most others. Silver nitrate, sulphate, and (chloride are not readily decom- 
posed but may be heated without deconi position; they arc easily reduced to metal by 
contact with base metals, Zn, Fe, Cu, etc. 

Parting. — The cupellation of lead removes it as oxide, together with other 
base metals, leaving gold and silver. Silver-bearing l(‘ad may be enriched 
by the J’attinson process, in wliich crystals of jnire lead are removed, leaving 
the more fusible eutectic, the process being carried on in stages and the enriched 
lead finally cupeled. Silver and gold may be more readily removed from lead 
by the Parkes process, in which a small percentage of zinc is added which, on 
cooling, crystallizes and rises (zinc lieing insoluble in solid lead), carrying up the 
precious metals as a (;rust, which is nmioved and refined.^ 

Gold and silver are separated or parted by means of nitric acid, NO being given off 
and AgNOs formed. This rc(|uiros the ratio Ag:Au to be at least 2:1, though 3:1 was 
formerly preferred. Hot sulphuric acid also dissolve's silver away from gold if the 
proportion of silver is large enough, SO* being evolved. Gold containing relatively 
little silver must have silver (or in some eases base metal nuiy be used) added to 
reduce the gold to such a proportion that it will not protect the silver from attack. 

It is preferable to use the Wohlwill process, electrolyzing tht* gold in a solution of 
HAuCb -f HCl, with gold cathodes, an alternating current being sometimes super- 
posed upon the high density direct current used. Silver remains insoluble as Ag(3. 

Silver containing but little gold is electrolyzed in a sliglitly acid solution of silver 
nitrate, with a silver or carbon cathode, leaving gold insoluble; this is used in the 
Moebius, and Balbach-Thum processes. 

The following tabulated data are of value in comiection with the refining of gold 
and silver: 


> See pp. Oil to 017, this book. 



HYDROMETALLURQY OF GOLD AND SILVER 


1001 



Gold 

Silver 

Copper 

Melting point, degrees Centigrade 

1063 

961 

1083 

►Specific gravity ^ ... . 

19.3 

10.5 

8.95 

Specific volume (cubic centimeters per gram). 

O.OfilS 

0.0952 

0.1117 

Cubic inches for 1,000 troy oz. = l,89S/sp. gr. 

98 3 

180.8 

212 

Cubic inches for 100 lb. avoir. = 2,770/sp. gr . 

J 13.5 

263 . 8 

309.5 


In an alloy containing; (7 per coiit j?old, C per cent CUi, and per cent Ag, the 
specific gravity is very closely 

100 

0.0518(; + 0.0952*S -|- 0.11 17(^‘ 

('cniontation is an ancient method of freeing gold from silver and base metals. 
The metal was first granulated by pouring inU) water, or Ixiaten into thin plates. It 
was then placed in crucibles with a large proportion <)f aluminous earth tind heated; 
silver, etc., was slowly oxidized (or possibly converted into siilphate or sulphide) and 
absorbed. Most recipes, how('ver, include common salt and burn(*d clay or powdered 
brick, tile, etc. When heated in contact with these, silver chloride is formed, fused, 
and absorbed. Gold treated several times in this way (“seven times tried in the fire “) 
was rendered nearly pure. 

Sulphur or pyrite was also used; heated in sulphur vapor, moat of the silver and 
<;opper form Ag 2 S and ('uzS, which can be mechanically removed. 

In Gush and Fluss i)arting, an alloy, containing at least TK) p(*r cent gold, was heated 
in a crucible with 3 parts antimony sulphide, and poured into a mold; the gold, alloyed 
with antimony, etc., is found at the bottom and easily separated from the layer of 
“plachmal” above it. This gold alloy was then fused with 2 parts of antimony sul- 
phide, and the product again with 1 part. The proc*,ess was r(*peate^l if neci'ssary until 
enough silver had b(‘en removed, when the gold was finally melted with borax and the 
alloyed .antimony oxidized by a blast of air. 

In the sulphur-litharge pnxress {I^fanncnschniicd) a granulated alloy, ricdi in silver, 
was heated with sulphur, yielding Ag 2 S, in which gold is disseminated. To collect 
the gold, a small percentage of litharge was added, yielding a, fusible, lead-silver 
alloy, which carried down most of the gold; a second or third treatment reimived prac- 
tically all the gf)ld. Metallic, iron was sometimes used instead of litharge to reduce a 
portion of the silver and collect the gold. Reduction of the remaining sulphide yielded 
a fairly pure silver. 

Gold bullion, rendered brittle by Te, Bi, Pb, etc., may be softened by throwing 
a little HgCla on the fused mt*t,al, also by adding solid AgGl or Ag2S04, by stirring 
with Cl gas or an air blast; stirring with NaHiS 04 , NaNOj, or MnOa is also effective. 
More or less silver may be removed by these methods, especially by Cl or NaHS 04 . 

Recovery of Gold and Silver. — All gold and silver ores yield a high jxjrcentage 
of their precious metal when smelted with lead or copixjr ores, and an almost com- 
plete saving of them is effected in refining the lead and copfKir recovered. A large 
proportion of the silver of the world, and a considerable amount of the gold, is 
thus obtained as a virtual by-product from the smelting and refining of lead and 
copper ores, including some zinc-lead and zinc-copjjer ore. Some of this precious 
metal comes from concentrate, some from siliceous ore used as flux; comparatively , 
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little true gold or silver ore is directly sold for smelting. Smelting charges and 
deductions on the full weight of ore, with the cost of freight and loading, often 
make it' advisable to adopt some method which may be far inferior metallurgi- 
cally, as regards percentage recovery, but which puts the precious metal in a form 
in which it is more readily salable, such as bullion or rich precipitate. 

Outside of smelting and refining, the present-day metallurgy of gold and silver may 
be summarized under thr(;e heads : mechanical methods (concentration, flotation, and 
blanketing, etc.), amalgamation, and the cyanide process. Chlorination of gold and 
hyposulphite leac.hing of silver ores were practically superseded by cyaniding by the 
year 1900; chloride volatilization and other promising processes have not yet assumed 
commercial importance. The products of concewtratioii and flotation may be either 
smelted with lead or copper ore, or may themselves bo treated by amalgamation or 
cyanidation. Each of the latter processes consists of five essential steps. 

Amalgamation: 

Comminution of ore. 

Bringing ore in contact with mercury (and with clK'inicals in the case of 
silver minerals). 

Separating amalgam. 

Retorting amalgam l/O rcnu>ve and recover mercury. 

Melting and refining the cnide bullion from the retort. 

Cyanidation ; 

Comminution of ore (often combined with auxiliary pro(;eHses of amalgamation, 
concentration, or classification, neutralization, or washing out soluble salts). 

Dissolving gold and silver. 

Separation of solution from ore, and wasliing residue. 

Precipitating gold and silver from solution. 

Refining precipitate and melting bullion. 

The treatmont.of placer deposits is a special case of conccuitration, oft(;n combined 
with amalgamation. 


PeKOKNTACJKS PltODUCED JIY DIFFERENT PROCESSES IN TlJE UNITED StATES 


(Mineral Resources^ U. S. (rcoL Snnry, 1921) 



Gold 

Silver 

1917 










Placers; mainly dredging. 

25.8 

23.0 

25.0 

25.3 

28 9 

0.2 

0.13 

0 15 

0.13 

0.18 

Amalgamation 

20.9 

20.7 

31.5 

28.5 

32.0 

0.4 

0.3 

0.5 

0.4 

0 45 

Cyanidation 

29.7" 

32.2“ 

28 5 

24.3 

23.9 

10.3 

14 3 

13.8 

13.4 

15.7 

Smelting ore anti conciMi- 











trate 

2:1 (> 

23 5 

14.4 

21 9 

14.0 

83.1 

85.3 

85.55 

86.07 

83.67 


"Inoluding 0 2 per cent by chioriniition for 1017 and 1018. 

In South Africa about f>5 per cent of the recovery is by amalgauiation, 35 per cent by cyanida- 


tion’, on the Mysore Field, India, nearly 90 per cent by amalgamation 
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Pubcentaoes by Weight from VABiotrs Sources in the United States 



Placers 

Dry or 
sili- 
ceous 

ores 

Cop- 

per 

ores 

Lead 

ores 

Zinc 

ores 

Copper- 
lead and 
copper- 
zinc ore 

Lead- 

zinc 

ores 

Total 

ounces 

Gold: 






■1 



1906 

28.24 


5.77 

1.29 

0 02 

IQ 

0.25 

4,703,000 

1907 

28.22 

62.11 

6.44 

2. 50 

0.14 

mm 

0.48 

4,227,600 

1914 

25.30 

66.56 

6.00 

1.09 

0.04 

0.01 

0.40 

4,418,000 

1915 

22.66 

67.57 

7.2^ 

1.78 

0 10 

0.05 

0.62 

4,764,600 

1920 

25.3 

63.93 

7.18 

1.96 

0.15 

0.16 

1.32 

2,383,000 

1921 

28.89 


2.25 

2.64 

0.003 

0.007 

0.19 

2,345,000 

Silver: 










0.30 

29.27 

27.69 

26.72 

Ba 

11.88 

3.97 

57,362,450 

1907 

0.24 

36.27 

26.58 

32.99 

US 

0.93 

2.81 

52,497,060 

1914 

0.22 

39.95 

21.30 

27.72 

m 

0.36 

[ 10.24 

69,623,200 

1915 

0.21 

35.53 

25.96 

27.40 

1.57 

0.33 

9.00 

72,363,700 

1920 

0.13 

36.22 

21 49 

30.19 

2.23 

1.18 

8.56 

56,536,900 

1921 

0.18 

51.88 

10.36 

32.30 

0.01 

0 97 

4.30 

46,171,300 


Would Phoduction of (Iold and Silver, 1923 


{Rvpl. Direvtor oj Mint) 



Gold, 

ounces 

Silver, 

ounces 

United Statc.s 

• 

2,426,495 

73,296,810 

(Canada.* 

1,223,601 

17,764,706 

Mexico 

781,663 

90,859,083 

North America 

4,431,759 

181,909,599 

South and Central America . ... 

829,892 

29,855,073 

Europe .... 

336,353 

8,214,385 


1,120,802 

10,027,283 

Africa 

10,156,025 

1,544,233 

Australia and New Zealand 

876,934 

10,867,837 

Total for world 

17,750,765 

;a42,418,410 

Total production in ounces from 1492 to 1923, 



inclusive, based on Soetbeer’s figures 

925,000,000 

13,214,000,000 


The commercial ratio between the values per ounce of gold and silver was about 
16 to 16 from 1800 to 1873; since 1873, the annual average has ranged from 18 to 
nearly 40. One of the largest producers turns out about a ton of silver per day; one 
of the largest gold mines has for years yielded a ton of fine gold per month; the value 
of each output is now about the same. 















1006 


NON-FERROUS METALLURGY 


In hydraulic work the coarse gravel ninning down the sluices does much of the work 
of disintegration, and tlni coarser portion is removed when desired hy means of “under- 
currents” or grizzlu‘s of ste('}) grade, which allow the liner matt^rial to pass through and 
conduct it to 1 )OX(‘h (ir tables where conditions are more favorable for settling. After 
passing over the grizzly, the coarse gravel may be discarded or returned to the main 
stream. 

A revolving trommel with lifters, and furnished with ample water sprays, is an 
ifleal deviet! for i)erforming these op(»rations on a large s(^ale, and is now standard 
pra(d.ic(* for d redges, the pebbles acting as disintegrators. By graduating the diameters 
of the lioles to Hint the material handled, a comparatively uniform discharge may be 
obtained throughout the length of a trommel, but by far the largtist part of the gold 
jiasses the holes near the inlet end. Shaking screens have been used but consume 
too much power. One of the older “cement mills” for hard gravel was virtually a 
large tromnn*! built of railroad or T-iron. Another cement gravel mill is a pan with a 
stout vertical shaft carrying agitating arms, and fed with water, accumulated coarse 
rock being discharginl at intervals by o]K‘ning a door in tlie side or bottom. 

In small operations, the sam(‘ results are achieved by using a rocker with punched 
screen, fed a few pounds at a time; or liy shoveling into a sluice box, at the liead of 
which is a scj’cim or set of bars, over which the material may be manipulated by a sluice 
fork or shovel. 

Tlie length of wooden sluice boxes is standardized at 12 ft., and a grade of 6 in. 
means 0 in. per box, or about 4 per cent, the width varying with tlie load. For small, 
seiniportable boxes, the upper end of the liottom is sawed 2 or 3 in. wider than the 
lower end, so that they fit closely one in the ot!i(‘r. 

In large liydraulic work, lioiilders of several tons wiaght may ent(‘r tlie sluices and 
must either be ciirrii'd through, blasted, or lifted out; such sluices require stout linings 
of wood or stei'l. 

Various tyjies of riffle inat(*rial have been used: cross-grain pini‘ blocks, roughly 
squareil, or flat-lying blocks up to t by (> in., either form being separated by small 
strips of wood or hits of rock; boulders or roughly sciuared rocks; p(*elctl iiine poles; 



Fi({. 1. — hlungariaii riffles. 



Fro. 2. bonery slecl-rail 
riffle at La Clrani't' 


planks mortised or bored, or iron blocks cast with clianiiels or pock(*ls, and railroad 
steid. 

Hungarian riffles are strips of wood from about 1 to l./j in. sipiare up to 2 by 4 in. 
laid crosswise with about tHpial spacing; they are often undercut, on the down stream 
side, and have tops sloping upwards. When subject to heavy wear they are covered 
with stri])s of iron or steel, manganese steel being most durable. By attaching them 
to longitudinal strips they form frames readily removed. A similar riffle for dredges 
is built of 1^4 or 1 ^2 in. angle steel riveted to 0 ft strips of the same material; the 
angles are ojiened about 10 or 15 deg. above a right angle, and point down stream. 
Another effective sluice lining is coconut matting covered with expanded metal (steel 
lath). 

A special study of riffles for heavy work w'as made by P. Bouery at La Grange, who 
successfully used 40-lb. steel rails on 5-in. centers, resting on 2 by 0 in. pine strips set 
edgewise with spacers. He recommends invariably placing riffles crosswise. A 
riffle of manganese steel designed by Bouery' for severe hydraulic work consists f)f 
riffle proper, spuc(‘rs, and lockers; when worn, these can be used as liners. 
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In cleaning up a sluice, clear water is run for some time, then, beginning at the 
head, the riffles arc removed section by section, the dirt washed off, and the deposited 
gold washed down to the next section, where it can he scooped uj) into buckets. It is 
then taken to a point where it can be ])anned or treated in a rocker or special sluice 
to concentrate the gold further, and separate it from the accompanying black sand. 



Fig. ii. — lioiiciy imtcut sicol Fnj. -1. Pail ro.'ul r;iil rilTit' with manKHiic.'^o 

riffle. prol<*(*f inij: mils, iil Lii (InmKc. 


DlSTItlHUTJON OF (hlLJ) IN SklFC’TKD SlOK’KS AT J.,A (JltANliK (/‘ lioUWIj) 

(lh)?.cs 1 to t were filled wilh jielihles, etc ) 

Ounces of gold Total 

IJox ounces 

nunibei -flO +50 d 100 floO +200 -200 per 12-ft. 

ine.sli incvsh mesli mesli inesli mesh box 



Dredges. The dredges now in gmieral use have el()se-conn(‘cted buckets of 
5- to lo-eu. ft. ea])acity, and arc budt of stind or wood, digging to a depth of SO 
ft. below the surface of the jxind or stream in Avliieli they float.. 

Tin' buckets disehargi' into a long, n'volviiig screen or troniinel running at a 
grade of from 5 to 10 pi'r cent toward the stern, where the coarsi^ material passes 
to the .stacker, while the finer portion goes to the g^ld“sa^'ing slui(;es and may then 
be run out directly or may go to a second stacker. Tin* lainl is usually left in a 
valueless condition, but resoiling is possible by the us(‘ of multiple stackers. 

1Tc screen may be cylindrical or stepped in diameter, it should liavc a baffle at 
the end of each section and mu.st be wtII braced. In a large dredgi* it may be lO ft. 
in diameter by 50 ft. or more, with a peripheral spei^l of 150 ft. p(T rnimite. The 
perforations should be adapt'd to the material handletl; one exanijile has openings 
% in. at the upper end inereasiiig Ia) in. at the discharge; another )+ in. incre,asing 
to hti in. The stacker belt may be up to 4 ft. wide, of eiglit-ply ruliber, and will 
normally last a year or more. An internal spray pipe runs the full length of the screen, 
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and two or more smaller ones outside; these must have an ample supply of water to 
w^ash the gravel and carry the fines over the sluices. 

The sluices may be in one series or in two decks 4 or 5 ft. apart. They are usually 
About 30 in. wide, running crosswise of the deck at a slope of 1 to 1}^ in. per foot 
(10 or 12 per c(mt), and then turning aft. Much the largest portion of the gold is 
caught in the first f(iw feet of sluice-s; Janin mentions a 6-ft. dredge with 1,457 sq. ft. 
of sluicf^ area, catching 89 per cent of the total recovery in 292 scf. ft., or one-fifth of 
the total area. For more clayey material the area was increased to 3,900 sq. ft. One 
Ifi-ft. dredge laid 8,000 sq. ft. of sluices in two decks; in another case 4,500 sq. ft. in 
two decks was found needlessly large for a 15-ft. dredge digging 600 cu. yd. per liour. 
I'he head tables are usually kept covered with heavy screen to prevent theft. 

A considerable saving is made on Ihe save-all, a small sluice (latching the drip 
from th(^ descending buck('ts, and discharging thit>ugh the hull, and in the nugget 
catcluT — a short, steep series of riffles over which the “fines” from the extreme end 
of the screen pass. 

In some cases, as on the Yukon, no inc'rcury is used, and the first section of each 
sluice is cjovered with coconut matting and expand(‘d metal. The malting is taken up 
daily, foldc'd, and washed, and the washings are jiassed over a special set of riffles. 
The product is cleanc'd by panning and finally by dry lilowing, while the tailing goes 
back to the main riffle system. The riffles in the Iowct sections of the sluices ani 
(deaned up at intervals of a wec'k or two. 

In California, mercury is more generally used, up to 3,000 lb. wec'kly on the larger 
dredges and up to 1,000 on the smaller. The loss of nu'rcury in a 6-month (campaign 
may range between 1 and 5 p('r cent of the total usc'd. When cleaning up at intervals 
of a week or two the riffles are lifted out, section by section, and wasluid off with a. 
liose, and the dirt conccnitrated by temporary stops jilaced in the sluices. The con- 
centrate thus obtained is shoveled out and washed in a small sliiica* box, the product 
screened, and the firu's run through an amalgam barrel with a little additional mercury. 

»Sometim(\s a trough is inserted below a. stop to divert the material being washed 
down into a clea.n-uf) box, about 2 by 3 by 1 ft. deeji, having several centerboard mer- 
cury riffles, the tailing from which passes through a sluice with expanded metal riffl(‘s 
and back to the main dr('dg(‘ sluices. 

In many locahti(\s, cronsiderable quantit’cs of l(*ad shot, nails, and iniseellaneous 
nu'tallic scrap may be separated in sen'ening the product, and this material may 
retain mon* or l(*ss amalgam and THTessitate working over. 

The “black sand” obtained as a by-product in cleaning up placer sluic(>s often 
contains platinum metals in small proportions, as well as some gold; much of the gold 
and platinum may be recovered by treatment w'ith a suitabh; concentrator. The 
Sonn machine has been found well adapted for this purpose. 

Dry Concentration.^ — A clean-up of placer 'material is often finished dry. 
After removing the coarsest portion with a sieve, the remainder is “tossed” 
or jigged dry in a pan or shovel, using a circular motion; the sand thus brought to 
the surface is tlien blown off. The tailing thus obtained often contains fine or 
flaky gold. 

Dry washers or concentrators are used under desert conditions. The success of 
all these devices depcjnds on the material being perfectly disintegratiul and thoroughly 
dry; clay, especially, must be pulverized. Several different principles have been 
applied : 

1. Winnowing, by letting material fall vertically through a horizontal blast of 
air, which is either constant or rapidly pulsating. The wind is often utilized, and the 
gold caught on a sheet of canvas, but some efficient machines, as that of Edison, have 
been devised on this principle. 
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2. Passing the material over an inclined table covered with cloth, supported by 
wire screen through which a pulsating blast of air rises; the table may be fixed or 
oscillating, and is provided with low riffles. 

3. Passing material over a reciprocating table of the Wilfley type, having a tight 
cover near the surface, a blast or numerous parallel blasts of air passing parallel to 
the surface under the cover. 

4. Sized materhil is allowed to fall on a horizontal, rapidly rotating disc (as in 
the Pape-llcnnoberg system), the particles being thrown to distances varying with 
their specific gravity. 

Black Sand. -The treatment of the black sand or concentrate obtained from 
beach or alluvial dejxjsits is usually crude and unsatisfactory. This material 
actually varies much in color; it^ often consists largely of magnetite and ilinenite, 
with other heavy minerals such as garnet, tinstone, coluiiibite, or tantalite, and 
occasionally metals of the platinum group. ' The gold is retained by, but rarely 
contained in, the sand jiarticles. The black sand separated by ^‘blowing'' 
at the final stages of a cleaii-u]) may show gold values up to $1 jier jiound. 

Magnetic concentration is rarely of use, as much of the fine* ])recious metal may 
b(^ picked iij) mechanically with the magnetic concentrate, while in some cases only a 
small penjentage is strongly magnetic. In somi' clean river gravc'ls, and such beach 
sands as the Nome d('])osi1, preliminary separation by 30- or 40-mesh, or finer screens, 
allows all the gold to pass and retains only })ebbles of evtremelv low grade. 

There is no aiiparent reason why black sand thus concentrati'd, or recovered from 
sluices, etc., should nol, b(‘ successfully trc'ated by cyanide solutirin, alter removing 
coarse gold by riffles or amalgamation. 10; rly experiments are said to have failed in 
precipitation by ziiiv*, but, laboratory tests show no cause for difliculty. 

Blanket Concentration. — ^^'()()lcn blankets have long been used for catching 
gold at Tbazilian mines, where m(n*cury is sickened by bismutli and tellurium 
minerals, and they were introduced into early ('aliforiiiaii and Australian mills, 
and have been usisl in mills treating the richer CVijiph' C'rvH'k oni. They are 
generally laid overlapping on inclined tables, the pulp flowing owr tlnun for an 
hour *or several hours, wdum they are folded, rejdaced by fresh blankets, and the 
accumulation waslujd off in a tank. 

In lOlS, corduroy was used to replace copx)er plates in th(*. Van Ilyn (Rand) 
stamp mill after adoption of coarse crushing (but not, in the tube-mill section), the 
concentrate (0.27 lb. p(*r ton milhal, containing 2 1 per c.ent gold) was ground in a 
barrel with mercury, then jiassing to a mechanical batea. The loss of mercury in the 
barrel was only 0.01 oz. jier ton milled. 

In 1923, F. \Vart,enweil(T announced the total elimination of plate amalgamation 
in two Rand mills, Modderfonte.in East using five overla])i)ing rows of corduroy strijis, 
which caught, respectively, 80, 11, 4, 3, and 2 ]jer cent of th(* total catch. The area 
of corduroy was 1.26 sep ft. per ton milled daily, and this rniglit, hifve been reduced 
nearly 50 per cent without serious detriment. The xiroduct (l.S lb. jier ton milled) 
was saved by hand washing, but washing machines might be used; it was treated on a 
Wilfley, and this concentrate amalgamated in a barnd, yielding 94 per cent of its 
gold content, 98 per cent of wdiich was free, (’ordiiroy and wool blankets were found 
equally effective, but corduroy gives a less bulky concentrate, and the Uxtk-up of gold 
is very small. Canvas gave a still smaller bulk, but caught only 75 per cent as much 
gold; riffles w'ere only 57 jier cent as effective. ‘ 

* The use of blankets, cloth and riffles for gold and other iiiincrMla is described ;n Agrieola’s Hook 
VIII, see especially pp. 309, 317, 328, and 331 of Hoover’s trun.-jlation Practice at Ora.ss Valley, 
Cul., is described by .1. A Philips “Mining and Metallurgy of Gold and Singer." 



1012 


NON-FERROUS METALLURGY 


thorn and with some of the one-stamp mills, of which the Nissen is probably the best. 
This has been made of 2,000-lb. falling weight, with a circular mortar half surrounded 
by screen. Some others have screen on three of the four sides. 

Steel-wire screen is now much used, with either square or rectangular openings, 
often slot-like, with double wires in one direction and heavily crimped. In fine, 
crushing shee^t steel is often used, punched with diagonal slots inch long, or thin 
tinned iron plate with round punched holes. The modern screen^ are almost always 
set vertical. 

In place of a long, line-shaft drive, one electric motor now usually drives ton light 
or five heavy stamps, by a built-up wood pulley 7 or 8 ft. in diam(*tor with a 14- to 
18-in. belt, the shaft running in plain, cast-irc^n bearings without cover. Wrought- 
iron cam shafts are preferable to any steel ordinarily obtainable. Tlie cams are 
preferably attached by the Blanton self-locking dc'vjjcc, which allows of easy removal, 
all the cams b(’ing interchangeable in position. 

The standard earn curve is the involute of a circle, the center coincident with the 
cam-shaft axis and tlu^ radius the distant' from the axis to the central plane of the 
stamp stems. The involute gives unifonn speed of lift, but strikes the tappet with a 
sudden jar, and the curv^e is often much modilicid at root and tip. The gib tappet 
may have two or tJiree keys. The usual order of drop is 1, 3, 5, 2, 4 (identical with 
1, 4, 2, 5, 3), the only eomhination possible if no adjacent stamps drop consecutively, 
but 1, 6, 2, 4, 3 ( = I, 4, 2, 3, 5) is also used, and oceasioruilly others in which one adja- 
cent pair drojj consecutively. Any tendency to hank sand at one end of mortar i.s 
usually overcome by giving the end st.amp a slight increase in drop. Various forms of 
guide are used but generally have east-iron liners in place of th(‘ wood fornuTly used. 

For stamps from 800- to bhOO-Ib. weight the following taV)I(‘ giv(‘s the range of 
weights commonly adopted. "J'he last column shows the greater range of weight used 
for lieavy stamps in South Afrira and India. The penrentages are based on falling 
weight with new shoes. 



S(K) to 1,.5(X) 11)., 
j por eoiit 

1,250 to 2,(MK) lb., 
por ooiit 

Stem ... 

42-44 

47-28 

Tappet 

10-13 

10-14 

Boss 

2(>-2S 

22-40 

Shoe . . 

17 14 

2(V-13 


The corresponding cam weight ranges from 2 ^) per cent with light, to 20 per cent 
with heavy stamps, all being about 32 in. across tips. The earn shaft (for 10) 30 per 
cent above the falling weight, for light up to 50 per cent above for heavy stamps (SJg 
to in. by 14 to 10 ft.); stems ineroasing from 3 m. at 800 lb. to 4 in. at 9(K), 

and usually 14 ft. long; shoe diameters 8.5 in. up to about 900 lb. and 9 in. above that. 

Mortars arc always of the high form, of heavy cast iron, generally with front 
entirely open, but variously proportioned. Reinforced concrete is now in general 
use for mort.ar supports, with an intermediate cushion of wood and nibber or 
belting. The ends and back of mortars are often protected by liners of chrome or 
manganese steel. 

Battery water should be supplic'd at the rear of the mortar at two or more inlets; 
the ratio of water to ore stamped has varied widely, ranging from 2.5 in occasional 
(Californian mills b) 10 or 12 in former Ilomestake practice, high crushing duty and 
amalgamation being obtainable at both extremes — 5 to 8 is generally preferable. 
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With plate amalgamation, the water and grade must be aufficiont, and the distribution 
of pulp over the topmost plate even enough to produce uniform waves and avoid 
building up islands of sand. For successful amalgamation the temperature of the 
feedwater should be uniform, and neither extremely cold nor hot. Practically all the 
energy expended in crusliing reappears in the increased temperature of the pulp, which 
is of importance in cold climates. 

Amalgamation. — Mortars formerly had inside plates both front and back 
6 or 8 in. wide and extending across the full length ; the back plate has been dis- 
carded and the front plate — usually about 5 or G in. by K iu. thick — is attached 
to the chuck block immediately beneath the screen; even tliis is now obsolescent, 
and is seldom used with heavy stamps. 

A *‘lip plate” is sometimes attached outside the mortar, extending across the 
discharge and 1 to 2 ft. wide. The main apron plate may la; in one unit or more, 
each 4 to 5 ft. wide by 8 to 12 ft., of soft-rolled copper. In successive units, the 

widtli should be maintained or increased. Tx>ng plates arc usually set in an unbroken 
sht'et of 8 to 24 ft., but some operators claim an .'idvantage in cutting them into 2-ft, 
lengths, set witli a drop of an inch or two at each step; the long phttes are easier to clean 
arid care for. Plates of Muntz metal have betm used in New Z<'aland and elsewhere 
with apparent success; at several iriills in the United States they have been a total 
failure. The plate tabic is best built of tongue-aiid-groovcd lumber, l.o or 2 in. 
thick, witli 2-in. sides; and may be made adjustable in slope. Planed cast iron 
has been used. The plat(\s arc secured by screws or <‘opper nails, and cleats are often 
:uUled at the sides. If divided longitudinally into two or three runs it is easy to 
clean one run at a time without stopping the battery. 

The incjiriation of jilates is liest- kept from 1 .5 to 2,5 in. per foot (1 2.5 to 20 per cent ) 
depending on the ])roportion of water, fineness of })ulp, and proportion of heavy inin- 
(*nils, but oxt renuvs of % in. up to 3 in. per foot liave been used. The plates are usu- 
ally placed close to the mortar, but stmietimcs the inilp is traiLsported some distance 
and then redistributed over a jdate sy.stcm. This sometimes results in large accumu- 
lations of amalgam in pipes or launders. • 

Silver jilating of the (;oppcT plates is advantageous, except with ri(;h ore, and in 
the case of the plate next the mortar; about 2 oz. silver per sipiure foot is a suitable 
amount, or soft silver amalgam may be rubbed tipoii the plate. In “setting” new 
copper plates, about oz. mercury per s()uare foot is requisite, and this should be 
applied by scouring with wet sand, and a litth* weak solution of sodium cyanide. 

Various amalgam or quicksilver traps have been used, but there is probably noth- 
ing better than a shallow, transverse trough or riffle about 2 in. deep and 4 or 5 in. wide 
at the foot of tlu* plate table. The aecumulated concentrate from this may Ixi col- 
lected daily with a small scoop and carried in b\iekcts to a central point, where it can 
be run over a spciaal plate or riffles, or ground in a pan or small ball mill. 

Many mechanical amalgainafnrs have been devi.scd and used, sindi as horizontal 
rotating cylinders lined with copper, or provided with c()i)per wjngs or lifters, or 
arrangements of horizontal discs or shelves rotating on a v(;rtical axis, series of shelves 
of sheet copper, etc. The Pierce amalgamator is probably the only one of these to 
show greater efficiency than a plain plate. Numerous electndytic devices have also 
been used, as well as sodium and zinc amalgam, to maintain the surface of mercury 
in a bright condition. 

It is remarkable that gold or amalgam, while escaping all the contrivances arranged 
to catch it, often accumulates in unexpected places, such as angles of cones, sumps, and 
launders, the rakes of Dorr classifiers, and on the runners of high-speed centrifugal 
pumps. All such places should be inspected from time to time, and any tendency to 
build in launders should be encouraged by placing riffles suitably safeguarded. 
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Hate Area. — The relation of plate surface to stamps and stamp capacity varies 
i*emarkably in the practice of different fields. Some extreme cases may be noted : 


Mine or district 

j 

Approximate 
percentage 
of product 
amalgamated 

Square feet 
plate area 

Per 

f 

stamp 

Per ton 
per day 

Treadwell, Alaska — 880 stamps, 1904 



2 ’ 

Homestake, Amicus mill, 240 1 

1910 



13.0 

B. D. stamps 1 

1923 with tubes. 

66 

43.3 

7 8 

Pofwihontas mill, 1 

1910 

f 70 

32.7 

7.5 

160 stamps ' 

1923 

66 

18 0 

3.6 

Bouth mill, 120 i 

1923 with rod 1 

66 

25.6 

1.6 

stamps J 

i mills i 1 




Rand, South Africa — Typical mill with tub(; mills 

65 

10 

1 2 

Ooregum, India — 55 stamps, with tubes. . . 

88 

20 

2 2 


With the revival of blanket practice the tendency is to n'diice j)Iat(' area still 
further. 

Loss of Mercury. — In gold amalgamation, an ounce per ton was not an uncom- 
mon loss in early practice, and occasionally much higher losses were recorded, but 
this has been much reduced. At the Treadwell mines, sliortly before abandoning 
amalgamation, the loss varied from O.Ofi to 0.08 oz. per ton witli ore from $1.50 
to $2.50; at the Homestake, 0.06 oz. was lost with l(»w-grade oxidized ore, and 
0.17 oz. with $5-orc containing sulphides, and a similar range has prevailed in 
Bouth Africa. At Modderfontoin East, amalgamating corduroy concentrate, 
about 0.05 oz. is reported. 

Among the principal sources of loss are drops running from the end of plates kept 
too '‘wet,’* and flouring. 

Outside plates usually have the amalgam removed once every 24 or 48 hr. by wash- 
ing off sand and then brushing thoroughly after si)rinkrmg with some additional mer- 
cury. The amalgam may then be colle(;ted at one spot by means of a stiff brush or 
cloth, or a rubber scraper, and transferred to an iron kettle. Any hard, crystalline 
accumulations should he carefully scraped off before they become pt^rsistent. With a 
properly organized system the entire time consumed is about 1 min. per stamp per 
day. In many mills the plates are also “dressed” or brushed up at intermediate 
periods, and may be sprinkled with mercury at the .same time. Inside plates are 
usually removed for cleaning about twice a month, a clean plate b*4ng exchanged for 
the one taken out. The entire mortar is cleaned out about once a month, or whenever 
dies are taken out. 

The actual absorption of precious metal into the body of a copper plate is neg- 
ligible, but the accumulation upon the surface may amount to many dollars per square 
foot if accretions of hard amalgam are allowed to build up, as they sometimes do, to 
a thickness of in. or more, thus tying up an important amount of gold. In some 
mills this layer is softened by the occasional application of steam or hot sand, wdiich 
facilitates its removal by scraping, but it is better to avoid this condition by daily 
removing hard ac(‘Tetions. Absori)tion only occurs when the rolled copper plate has 
capillary openings, such as minut-c cracks or pinholes. 
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Amalgam obtained from plates, etc., is cleaned by grinding witb water and addi- 
tional quicksilver, the floating impurities being wiped from the surface with a sponge, 
or in small lots by pouring from one vessel to another, when pyrite, etc., adheres to the 
moist vessels. Metallic iron is removed by a magnet. Small lots are ground by 
hand with a pestle and mortar of iron or wedgewood ware; on a larger scale the amal- 
gam, or accumulated cleaning, is treated in a miniature iron tube mill, or a Knox or 
Berdan pan. tube mill may be 2 ft. in diameter by 1 to 4 ft. long, with steel balls 

or rods of drill steel; it may he worked in liatches through a eovored hand hole, or 
continuously by a stream of water passing through hollow trunnions. The Knox pan 
is a small cast-iron pan with a muller carried on a vertical shaft; the Berdan revolves 
<m an inclined shaft, grinding by means of two or three large balls, or by drags chained 
to a fixed post. 

The amalgam is squeezed in fatlily lieavy (10-oz.) canvas; the finish is usually given 
hy hand jti balls of about KM) oz. each, or in cylinders compressed in a hydraulic 
machine with discs of canvas and <‘ocomit matting at each end; thi' n^moval of excels 
mercury is facilitated by heating the balls in hot water. 

A high "percentage of retort" is favored hy: a large percentage of gold in the 
resulting bullion; eoarsi'iiess of the original particles of native gold; frequency of clean- 
ups Tgiviiig mercuiy less time to penetrate); pressure applied in squet*ziug (much 
increased by us(‘ (tf machiii('); and lugli temperatun‘ during tlie squeezing. About 60 
per cent is occasiomilly ’cjudied, vvliile silvery amalgam may yield only 25 per cent; 
35 per cent is about an average lor hand-squeezed amalgam. 

Amalgam retorts are made in the pot form for charges up to al>oul 2,0()0 oz., 
and should he not over two-thirds filled, h’oi larger amounts the cylindrical built-in 
form should lx* us(‘d. IiUihI \^ilh three or four light, cast-iron trays. Tin* trays or 
pot retorts an* given an mternal v ash of wood ashes, fine clay, or (‘halk, or are j)airitcd 
with iron oxide, to ])i event aflliesioii of bullion. Paper is soinelimes used, but may 
cause flouring of the mercury. The covers or doors are best sealed with a lute made of 
sifted wood ashes, and secured by well-driven wedge keys. A long condenser should 
be used, with a jacket supplied wdth cold water. In large retorts it is convenient to 
use loose di\ idmg jnoces of sh<‘et iron, similarly painted, so thatjhc resulting bullion 
will readily fall intc) pii'ces of convenient size for charging into crucibles. 

Any conv(‘ni(‘nt fuel may bo used in retorting, and a pot retort may be heated in 
any style of melting furnace, or in the open if surrounded hy a piece of sheet iron, but 
it IS essential that the top be covered and kept hot, or the mercury vapor will con- 
dense before escaping. 'Phe temperature of boiling mercury is 35tP(\ (()72°F.) and 
its latent heat I'J.') B.t.u. pei iiound. On account of the high specific gravity of 
the vapor (seven times that of air), the di.seharge pipes should point dowmward as 
far as possible and meaiLS should be adopted to carry off any escaping funic and pre- 
vent its inhalation, esjieeially if it is necessary to open the retort before it has time to 
cool. The mercury carries over a trifling amount of gold, most of which is due to 
spattering in tin* ('arlii'r stages of volatilization. The loss of meicury should he very 
small; any eonsiderahle iliffi^renee in the weight of amalgam and of bullion plus 
mercury points to a defective' lute or a leaky ret^irt. 

Bars of mill bullion or refined cyanide prtidiiet are melted in graphite crucibles 
with borax sufficient to form a cover, and poured into iron molds previously smoked 
heavily or coated with graphite. About 2,CK)0 oz. is the usual weight limit for gold 
bars, and about 1,0(K1 to 1,2(K) oz. for silver. 

Bars containing gold and silver with little base metal other than copper, suffer 
very little segregation and solidify rapidly. In sampling tlieni it is safe to chip from 
one corner at the top and the opposite corner at the bottom or U) drill in. or % in. 
holes at opposite corners. Cyanide bars containing lead or zinc are irregular in compo- 
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sitiori, and should be sampled from the crucible just after stirring, or a sample may be 
taken while pouring by deflecting some of the flowing metal into a vessel of water. ^ 

As soon as the bullion solidifies in the mold, the slag may be removed by pouring 
water on it and scraping it out, or by plunging the hot bar into cold water. Plunged 
bars retain a little water if the surface is rough. 

CYANIDATION 

Cyanidation. — At the present time sodium cyanide (NaCN) has entirely 
superseded iiotassiuin cyanide (KCN) as a solvent, and it alone will be considered 
here, although some metallurgists still make all calculations in KCN and 
recalculate tlie results to the actual salt used.^ 

The essential reactions of the cyanide process are, for gold : 

2Au + 4NaCN + C) + HjO = 2NaAu(CN)j + 2NaOH 
This is Eisner's reaction, verified by Maclaurin, indicating tlie necessity for oxygen 
or its equivalent. Metallic silver follows the same reaction, substituting Ag for 
All. Cyanides of other alkali and alkali-earth nu'tals act in precisely the same way, 
substituting Ca, Ha, 2K, etc., for 2Na. Hydrocyanic acid is an extremely feeble sol- 
vent, and cyanog(‘n itself is without action on gold. 

Silver chloride is rapidly dissolved, without oxygen: 

Agci + ‘2Na(^N = NaAgfCN)^ -h NaCl 
and most other silver compounds are similarly dissolved. 

Silver sulphide, howt‘vor, dissolves slowly, the reaction being reversible and 
requiring an excess of cyanide: 

Ag^S + 4NaCN ^ 2NaAg(('N)2 -h Na 2 S 

Artificial gold sulphide is sinularly dissolved. The solutions obtained always contain 
more or less thiocyanate (NaCNS), and this probably results from oxidation of the 
NaaS. 

NajS -f O + TT 2 O + NaC^N = NaCNS -h 2Na()H 
Free sulphur, resulting from partial oxidation of pyrdic ore, or sulphur from thiosul- 
phates formed by tin* action of lime or soda on pyritic ore, also reacts on cyanide 
wdth formation of thiocyanate: 

S + NaCN = NaC:!NS 

Telluriiles of gold and silver are scarcely affected by cyanide solutions, and silver 
sclcnide is v(Ty slowly attacked. 


hh.Kt’TROMOTIVE FoiK’E OF MeTAL.S IN CyANIDE SOLUTIONS^ 


Coiici'iitratioii 

KC^N 


Most probable value for e.m 

.f. 


1 

Zinc 1 

1 

C\)p- , 
jail- 

1 Cold 

Silver 

Lead 

Mer- 

cury 

Iron 

6.5 per cent = A' 

-hO 045 

4-0.930 

+0 42 

4-0 34 1 

4-0. 20| 

+0.15 

-0 03 

0.65 per cent = A’/IO 

4-0 H70 

4-0 68 

4-0.265 

4-0.195 

4-0.16 

+0 05 

-0 09 

0.065 per cent = A’ /UK).. . 

4-0.775 

4-0.43 

4-0 09 

+0 (KW 

-bO 11 

+0 04 

-0 12 

0.0005 per cent ==- N/\ 0(K).. 
0.00065 pt)r cent - 

4-0 415 

-0.05 

-0.34 

-0.31 

i 

-h0.()7 

-0.19 

-0.13 

A' /1 0,000 

+ ().3S5 

-0 25 

-0 45 

-0.42 

4-0 05 

-0.59 

-0.14 


I Si>o p 110, "SttniplinR,’* this book 

5 It ih roiwi'njrnt to rcmoinbor that, for all practical purpoHca: 4 lb. KCN “ .3 lb, NaCN, and 1 lb. of 
08 per c^nt NaCN ■» 2 lb. of ** Aoro” containing cyanogen equivalent to 40 per cent NaCN. Also that 
10 c.c. of N/20 AgNOj (8.50 g. per liter) O.OlOg NaCN « 0.05 g. of 98 per cent salt, or 0.1 g. of "Aero’* 
at 49 per cent. 

«Ch« 18 TY, S B., 7Van* A 1. M. K.. SO, 921-922. 
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As calculated from the chemical equivalents, 1 lb. NaCN suffices to dissolve 1,1 lb. 
Ag or 2 lb. Au; 1 lb. Zn to precipitate 3.3 lb. Ag or 6 lb. An. An ounce of metallic 
silver, therefore, requires 1.8 times as much of either reagent as an ounce of gold, and 
a dollar^s worth of silver at the ordinary range of price uses forty to sixty times as 
much as a dollar’s worth of gold. In practice, the difference is even greater because, 
as a rule, gold dissolves readily in dilute solution, while silver often occurs as the 
sulphide which requires a stronger cyanide solution owing to the reversible character 
of its reaction. On the other hand, silver chloride dissolves rapidly and with little 
decomposition of cyanide. 

Under identical conditions, metallic silver dissolves about half as fast as gold, or 
in exact proportion to their atomic weights. Silver-free gold di.ssolvcs more readily 
than gold alloyed with silver. Maclaurin showed that all gold-silver alloys should 
dissolve in cyanide solution at thfj same rate as measured in tliickness removed, and 
in the same proportions in which they exist in the original alloy; Yokobori and others 
confirm this. 

As regards the effect of amalgamation on the rate of dissolution by cyanide, some 
contrary evidence has been adduced. In stationary beaker tests with pure gold foil 
a mere film of amalgam retards solution about as much sis thorough wetting with 
mercur}'^ — similar pieces show one-half to one-tenth the rate of solution noted with 
clean gold; when agitated in sand mixtures the same tendency is noted. 

For a given percentage of NaC^N, gold in a thick slime mixture dissolves much less 
rapidly than in thin ]mlp, the .same is true of silver, of oxygen, and of salts BU(;h as 
NaUN its(‘lf — lumps of which should not be dumped in agitators but predissolved in 
ch'ar solution or water. This effect seems to be partly due to the greater viscosity 
of thick pulp, partly to the .smaller propoition of .solution to unit volume and unit 
surface. 

After a cert.ain period of contact with a given solution, the dissolution of gold from 
ore practically cease.s, in spite of agitation and anij)le aeration; on adding fn'sh solu- 
tion, or replacing a part with barren .solution or even wdth water, further dissolution 
tak('s place. I'hLs i.s more marked with silver than gold, and especially on adding 
aerated barren solution from extractors. Some of the effcjct is , #110 doubt, due to the 
inert or “fatigued” solution having reached an e(|uilibrium with the ore, but probably 
much of the later aiiparent dissolving is actually diffusion of the richer solution 
adsorbed, or absorbed by the ore particle, s. 

In sulphide ores, especially complex sulphosalta, silver may be very slowly .soluble; 
thi.s may often be partly overcome by removal from th<‘ solutif)n of the Na 2 S formed 
by means of lead compounds; mercury salts are sometimes used wdth advantage, and 
fine grinding is e.ssential. Owing to the reversible character ot the reaction with 
Ag 2 S, a short treatment wdth very stioiig (1 per crait or more) solution of NaCN is 
often much more effective than long treatment with dilute^. 

The best strength of solution must be determ inotl by experiment. In agitation 
systems, coarse gold being removed if originally present, slime may be treated with 
solution of 0.1 to 0.01 per cent NaCN; silver slime may requi^ 0,2 to 0.5 per cent or 
higher. 

In well-roasted sulphide ore or concentrate the gold is, as a rule, amenable to 
cyanide, but the globular particles from rotisted tellurides dissolve slowly; silver in 
similar roasti'd material becomes partly insoluble; extremely fine grinding is desirable 
with most rich silver material. After fine grinding, such material is sometimes put 
back in the same circuit with average ore; it is best first to giv(^ it a separate intensive 
treatment with strong solution. 

Gold telluride ores must either be roasted or treated with some oxidizing agent, 
such as bromocyanidc (BrCN), after preliminary leaching; or any alkaline bromate, 
or peroxide of sodium or barium, may be used after preliminary treatment with WaCN. 
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Many otlior oxidizing agents have been tried in connection with cyanide treat- 
ment, to supply “nascent CN ” or its equivalent, hut none has been able to compete 
with atnioHph(‘ri(* oxygen for ordinary ores. 

Lead and Mercury in Cyaniding. — Mercuric oxide and chloride dissolve com- 
pletely in cyanide solutions 

IlgO -f- 4NaCN = Na 2 Hg(CN )4 + 2NaOH. 
but when mercurous oxide or chloride is treated with alkaline cyanide half the 
mercury remains insoluble in the metallic state: 

2KgCl 4- 4Ka(;N = Ilg + Na 2 Hg(CN )4 + 2NaCl 
An old tailing pile containing llgCl, therefore, cannot be expected to yield 50 per 
cent of the mercury by cyaniding; mercuric oxide would give an almost complete 
recovery; the sulphide and metallic mercury would yield little or nothing. 

Lead is somel lines added to solutions as the acetate (54.G per cent Pb) or nitrate 
(62,56 per cent Pb), the latter being generally more economical. Litharge (PbO = 
92.8 per cent PI)) is sometimes added to grinders, or ground with lime. In alkaline 
solutions the lead is dissolv<*d ms plumbite (Nn 2 Pb() 2 ), winch reacts with sulphides to 
form PbS. Occasionally, a local oxidized lead ore (PhCOj) has been similarly used. 
Removing NaaS, lead facilitates the solution of Ag 2 S (argentite), but it has no beneficial 
effect on the complex sulphosalt ores of silver. Mercury would similarly precipitate 
the sulphide radical as HgS. Roth lead and mercury also influence precipitation, 
(kmtact with zinc dust or shaving at once throw\s down metHllic lead or mercury, 
forming a zinc-lend or zinc-mercury couiilc wdiich facilitates preiupilation of gold and 
silver, and is especially advantageous when zinc shaving is coated with copper. 
Jvead added to solutions at the time of precipitation is found in the precipitate, and is 
sometimes trouble.some in refining unless cupellation is praeticed. Any mercury in 
solution is similarly precipitated, and when zinc precipitate contains much (say 10 
per cent) of it, its removal by distillation may be profitable. 

Losses of Cyanide. — Losses of cyanide are mechanical and chemical. The 
first comprise tlie cw/anide that is carried off in solution, some of which may be 
unavoidably thrown away daily, to prevent accumulation of too great a volume, 
or may be discharg(*d in the residue, the washing of wliicJi is necessarily imperfect. 

Chemical losses include that due to hydrolysis of NaCN (2NaCN 4- H 2 O — 
2Na()H 4 2I1CN), but this effect is slight in solutions wliicdi arc distinctly alkaline, 
and is much smaller in old solutions (w’hich often carry most of their CN in the form 
of Na 2 Zn(CN) 4 ) tliaii in simple NaCN; decomposition of NaCN by acids, including 
CO* contained in air used in agitation (2NaCN 4 C ()2 4 HaO = Na 2 COs 4 2HCN); 
oxidation of Nn(^N by oxyg(‘n of air to form NaC^NO and oilier inactive compounds, 
such as bicarbonates (NaC'N 4 0 = NaC^NO; 2NaCN() 4 31120 = Na 2 COs 4 
2N1I*, etc.); reaction with iron compounds, eoppiT, etc., to form Prussian blue and 
various double cyanides, and wuth sulphur tt) form Na(’NS. 

Cyanicides. — Cyanicide is a convenient name applied to all those substances 
found in ores and tailings which cause a loss of the essential ion CN from the solu- 
tions used in treatment. Under this head may be grouped acids which directly 
decomjKise NaCN (including carbonic and humic acids) ; salts such as sulphates 
and arsenates, esfK'cially those of iron, which consume free alkali (Ca(OH )2 
and NaOir) thus facilitating the hydrolysis of NaCN; ferrous salts and oxidized 
compounds of copper and zinc wdiich form complex cyanides, either entirely inert 
or feeble solvents for gold and silver; and certain sulphur compounds which react 
with NaCN to form NaCNS. 
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When used injudiciously and in excess^ even oxygen, chbrine, bromocyanide, 
peroxides, and other oxidising agents are actually cyanicides. The cyanide actually 
used in dissolving gold is almost negligible, but rich silver ore consumes more — 100 os. 
of silver using over 6 lb. NaC>N to form the double cyanide. 

Copper in oxidized ores is usually in the form of the green or blue carbonate (mala- 
chite or azurite), an oxide, basic sulphate, or occasionally the metal. In pan-amal* 
gamation tailings it occurs in similar forms from decomposition of added sulphate. 
In all these forms it is readily dissolved by cyanide solutions and decomposes or renders 
useless approximately three times its weight of NaCN, or four times of KCN. In 
the case of KCN, the actual cuprous compound formed appears to lie between KjCu'- 
(CN)* and K 8 Cu'(CN) 4 , while a portion of the CN is oxidized to CNO in reducing 
combined C^u" to Cu'. As little as 0.1 per cent of soluble copper may, therefore, 
cause a loss of several pounds of syanide per ton treated. Unoxidized sulphide ores 
are commonly but little attacked and decompose relatively little cyanide. 

From some oxidized ores it is possible to remove the soluble copper by dilute 
ammonia, or, if but little calcium carbonate is present, by dilute sulphuric acid; 
in either case the dissolved copper must be removed by thorough washing before 
contact with cyanide solution. 

Iron and steel in the form of sheet metal, etc. are practically without effect on 
cyanide solutions. Some writers have insisted that the fine, metallic iron intro- 
duced into ore by wear of mill castings, stw'l balls, and rods, etc., which may range 
from 1 to 5 lb. per ton, decomposes cyanide and mterfercs with gold extraction. In 
practical tests, it is difficult to recognize any losses dui‘ to metallic iron as such. 
Any actual d(‘comi)osition is probably due to ferrous cfirnpoiinds produced by oxida- 
tion of this finely divuled metal, or by the action on it of acids resulting from oxidation 
of sulphur compounds in the ore. 

Antimonial Ores. - Ores containing antimony as sulphide (stibnite) have, in 
some instaiK'Cs, given trouble in extraetiun, and also by yielding an impure precipe 
itate, difficult to refine unless cupellation is practiced. 

Fine grinding has been recommended, and the use of a Holutif)n as low as possible 
in cyanide and cspi‘cially low in free alkali. In other cases some success has been 
reported m th(' adoption of a treatment with comparatively strong solution of sodium 
hydroxide or sulphide to dissolve interfering antimony compounds, and washing out 
the solution before eyaniding. 

In some antimonial ores, as with others eontainiiig So or To, all or most of the gold 
may resist both amalgamation and cyanide, and may also be impossible to concentrate. 
A thorough roast, followed by fine grinding, generally rendi'rs a high percentage solu- 
ble in cyanide solution. 

Arsenical Ores.-- Many of the common arsenical miiHuals, notably araeno- 
pyrite (FeAsS), are t^itaJly unaffected by cyanide solution; their oxidation prod- 
ucts are, however, soluble in many cases. When arsenic passes into solution, 
some of it may appear in the precipitate, and in this case" extreme precautions 
must be taken in disposing of the fumes from acid treatment, which may contain 
arsine (AsHj). 

The presence of manganese minerals in gold ores appears to have no ill effect in 
eyaniding; some silver ores contain large percentages of manganese peroxide but yield 
readily to cyanidation; others, some of them containing relatively small proportions 
of manganese, yield only a few per cents of their silver, even to strong cyanide solu- 
tions. Mere addition of MnC )2 has no prejudicial effect, and it is probable that in the 
latter ores a more or less definite rnanganite of silver exists, analogous to the com- 
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pounds of barium and cop|)er found in psiloinelane. Investigations by R. Linton, 
E. M. Hamilton, and W. H. Coghill show that in some cases treatment with dilute 
hydrochloric acid, salt and sulphuric acid, sulphur dioxide, hydrogen sulphide, or a 
sulphydrate, or a chloridizing roast leaves the silver in a form permitting a high extrac- 
tion with cyanide solution, though it may be insoluble in nitric acid. Reagents which 
decolorize the dark manganese compounds generally free the silver. 

For instance, Hamilton, in one case, extracted only 5 to 15 per#cent at 200 mesh, 
additions of lead, oxidation, hot solutions, chlorine, and sodium sulphide (NazS) 
giving no improvement. A preliminary treatment with H 2 S or NaHS increased the 
extraction to 73 per cent, HC/1 to 94 per cent, 5 per cent SO 2 to 84 per cent, and a 
(;hloridizing roast to 75 per cent, when followed by agitation with dilute KCN solu- 
tion. Concentration, oil concentration, and flotation gave no results. 

The Caron process commences with a “reducing roast” to decompose peroxides, 
and in certain cases has greatly increased the subsequent extraction of silver. 

Calcium sulphate is somcitimes an original constitiuuit of ores and tailings and of 
some waters; more commonly it results from the roasting or weathering of (jalcareous 
ores containing sulphides, and occasionally from the action of sulphuric acid on such 
ore. Lead sulphate may also react with limey solution to give a saturated solution 
of CaS 04 . In Colorado and Western Australia leaching of roasted ore has sometimes 
been followed by the setting of charges to a cement-like mass, which might require 
blasting. A more common result is the supersaturation of cyanide solutions with 
CaH 04 , which crystallizes as a hard deposit on pipes, canvas, etc., and may coat zinc 
shavings so as to render them inactive. A complication is caused by the fact that the 
solubility of C/aS ()4 in water decreases with a rise of temperature. 

Magnesium sulphate may be similarly formed; while r(\adily soluble, it is equally 
objectionable owing to the flocculent precipitate formed when its solution is mixed 
with another differing in alkalinity. 

Owing to the presence of carbonaceous matter (not graphite) in black schists 
associated with the ores, it has been impossible to secure good extractions of gold at 
certain mines in various parts of the world, much of the gold being rejirecipitated as 
soon as dissolved in some form which has never been positively identified, though 
much has been written on the subject. Charcoal from charred mine timbers, etc., 
similarly interferes. 

In the case of some African ores, a process w^as worked out by Fcldtmann and 
Wartenweiler for extracting the reprecipitated gold by a subsequent leaching with 
sodium sulphide solution. 

A more recent method is that of Silver and Dorfman, who give the ore a prelimi- 
nary agitation with a little flotation oil, which prevents the carbonaceous matter from 
interfering. 

Some pyritic concentrates oxidize rapidly, to FeS 04 , etc. and then decompose 
large amounts of NaCN, forming ferrocyanides, Pnissian blue, etc. Tliis may be 
obviated by a fairly long aeration in the presence of lime or soda, oxidizing the iron 
completely to ferric hydroxide. 

At the Goldfield Consolidated mill tlie concentrates contained copper as well as 
iron sulphates. Soluble (topper and iron were removed by preliminary treatment with 
dilute sulphuric acid, followed by an alkaline wash, after which the fine-ground 
concentrate was cyanided in a Pachuca tank with repeated decantation, finishing in 
a Kelly filter. 

Lime is used in cyaniding to neutralize acid existing in oi*e, or the “latent acidity” 
tif such salts as basic ferric sulphate, thus protecting cyanide from decomposition. 
It is also of value in increasing the settling rate of slime. 

When crushing in winter (luicklime may be ftni dry w’ith the ore, or may be slaked 
or ground in a tube mill or pan. This early introduction effects neutralization at the 
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earliest possible stage^ but sometimes has an adverse influenee on amalgamation. It 
is advisable when crushing in cyanide solution. An opposite policy is followed at the 
Homestake sand plants, where the ore develops acidity by oxidation and a granular 
lime is required for progressive neutralization; here it is crushed by a stamp through a 
7-mesh screen and mixed with the sand just as it passes to the collecting-leaching vats. 

In treating dry sand, the lime should be slaked carefully, and the fine product 
mixed as uniformly tis possible with the charge at any convenient stage. With slime 
pulp, it may be used as milk of lime fed from a grinding pan or mixer. Acid and bicar- 
bonate waters consume an appreciable quantity of lime. In some cases, as when 
aluminum is used as a precipitant, the calcium in solution must be replaced by sodium, 
by the use of caustic soda or soda ash. 

An excess of alkali in solution protects NaCN from hydrolysis, but it usually 
retards and may even prevent the»dissolving of gold and silver, especially with sul- 
pliide ores. Alkalinity must, therefore, be carefully controlled, and it is generally 
best to maintain it at the lowest possible point in excess of that corresponding to the 
cyanide (NaCN) indicated by titration — in other words, the protective alkali should 
be as near to zero as possible. This is generally safe, as old solutions containing zinc 
show little tendency to hydrolysis of HCN. 

Lime should be free from charcoal and contain but little magnesia. The available 
CaO in good quicklime is between 80 and 90 per cent; it is easily d(‘terniined by shak- 
ing 2 g. with 20 g. of sugar in 200 to 1,000 c.c. of distilled water, and titrating one- 
twentieth of the clear liquid with standard acid. 

Sand and Slime.— In the first MacArthur-Forrest patents, agitation in cyan- 
ide solution is indicated, but in the ea-ly practical plants some form of separation 
was found necessary, the coarser material, including as much of the fines as pos- 
sible, was leached, the ‘"slime” being allowed to accumulate untreated, unless 
exceptionally rich. 

“Slime” properly refers to colloidal material — superfine^ particles” — which 
can neither be leached nor settled readily; Gross has defined it as “anything which 
renders water muddy.” 'J'he slime separated by classification is largely extremely fine 
sand, the microscope showing this to consist of crystalline partich's. Leachable sand 
may contain 40 or 50 per cent of material finer than 200 mesh, provided true (colloidal) 
slime is practically eliminated. In general, quartz and pyrite tend to pass into sand 
during classification, while the slime contains the more basic and hydrous constituente 
of the ore — cspcicially limonite, and hydrous silicates of alumimi and magnesia, such 
as kaolin and chlorite. 

In rare instances, a porous ore, containing no coarse gold, may be crushed coarsely 
(to, say in.) and leached directly, but classification is more generally necessary. 

“All-sliming” is a term loosely applied to the comminution of an ore to pass 
200 mesh — sometimes extended to 100, or even 80 mesh — the general idea being to 
insure a product which can easily be kept in suspension. 

Cnishing in cyanide solution was first attempted by A. B. Paul in California, 
but was little used until 1899; since then its use has rapidly increased. Milling in 
water washes out soluble cyanicides, and lime may be used to neutralize latent acidity, 
in some cases saving much cyanide; amalgamation may be thus kejit in advance of 
(contact with cyanide. C'rushing with cyanide comidicates the sampling of heads, 
owing to dissolved values, but has many advantages, dissolution of gold beginning 
as soon as the ore enters the mortar or mill, and the only water introduced into the 
system being original moisture and that used as a final wash. From 50 to 75 per cent 
of the soluble gold may dissolve during milling, but with silver solution is much slotver. 
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Sand Leaching. — Sand ifi leached in vats with filter bottoms, filtration being 
effected by gravity, in some cases aided by the application of a vacuum beneath 
the filter. The vats are cylindrical, of steel or wood, redwood or cypress being 
generally preferred on account of their durability. They must be made abso- 
lutely water-tight, with substantial foundations, preferably parallel walls of 
concrete arranged to allow of easy inspection of the bottom ^nd sides. Vats of 
reinforced concrete have been used, of various shapes, made tight by the use of 
bituminous coatings. Wooden vats should have the staves doweled, bottom 
boards either doweled or grooved for the insertion of pine tongues, and bottom 
end joints made with metal tongues. The bottoms should have a slight slope 
toward the solution outlet. 

Filter Bottoms. — A ring of wood is placed aVound each bottom, about 1.5 in. 
from the staves or side, forming an annular channel for the roj^e used to secure the 
stretched filter; the height of this varies, but shoukl be 3 to 5 in. for large vats. 
The space inside this ring is occupied by some form of wooden grid of equal depth. 
One of the best forms is a system of parallel strips, set edgewise and notched or 
crozed on the under side for half their depth so as to allow of free circulation. 
For instance, the strips may he 2 by 4 in. or 2.5 by 5 in. with notches 4 or 5 in. 
long and 4 or 5 in. apart; the strips themselves are nailed down 2 or 3 in. apart. 
A similar effect is produced by continuous 2- by 2-in. strips laid parallel and rest- 
ing on similar but short pieces 6 in. apart, laid crosswise on the bottom with 
spaces between their ends; or the parallel strips may rest on short blocks 
through which the nails pass. 

Upon the strips is laid a circle of coconut matting, sewn and hemmed, and fas- 
tened on the ring by occasional nails or staples. Over thin is the filter proper, of heavy 
canvas, cut somewhat larger than the tank bottom, tightly stretched, and fastened by 
driving an inch rope into the recess round the tank bottom. In South Africa, hessian 
(burlap or hop cloth) has been laid on the wood grid, and coconut matting above this. 
When vats are discharged by shoveling, the upper cloth must be protected by boards, 
say 6 in. wide and a few inches apart, or by wider boards with numerous holes 1 in. or 
larger. 

Around bottom dis(;harge doors a tight wood ring is built up, of the same height as 
the filter, Near solution outlets all approaches must be kept clear. Near such out- 
lets it is well to have a movable false section of bottom, whic,h can be lifted occasionally 
to remove accumulated fine sand whicdi may pass thro\igli holes in the filter. The 
canvas filter should have a valve or opening, which can be closed by tying a sleeve 
sewn into it, to release air when the water is iptn)duced. 

Discharge Openings for Sand Residues. — These may be placed in the bottom 
of the vats or in the sides close to the filter bottom. In the latter case some of the 
hoops or rods for wooden vats must pass round the gate frame, or connect with 
the frame. Sluicing gates in the bottom should be near the sides, with one in the 
center of a large vat; for shoveling they should be so distributed that each serves 
a nearly equal area, but they should also be placed in straight lines so grouped as to 
require a minimum number of car tracks or sewers beneath the vats. 

. 8ide doors are rectangular; bottom doors may be round ; they open outwards and 
are conveniently hinged,* and secured when closed by swing bolts or by a hinged 
lever arm tightened by a swing bolt. They may b(^ of pressed steel or cast iron, made 
tight by square packing. A convenient center gate is that of Merrill, closing tight on 
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an iron ring, and lifted from above by a threaded central rod in a column of pij>e; 
the latter may also serve as support for a movable Butters distributor. To diminish 
resistance in lifting, such bottom valves should l)e made with the top an acute cone. 

Leaching vats may be filled with current mill pulp, or with dam sand, conveyed 
by water or solution, or with dry sand or crushed ore. The main consideration is to 
secure uniform distribution and uniform permeability. If loaded wet, the vat should 
be first filled, or at feast partly filled, with water or solution. 

The total overflow duriiiR filling = original water -|- conveying water — intersti^ 
tial space in charge = original water + total volume pulp fed — net volume of sand 
in charge. 

Wet sand is usually fed through a Butters-Mein distributor (the revolving lawn- 
sprinkler type) with six or eight arms of or 2-in. j)ii)P of differing lengths ending 
in elbows with flattened lips. For ifciiforin filling the tank bottom is divided into equal 
annular areas, each radial pipe tennimiting nearly over the middle of a ring. The 
overflow is carried off by an annular launder, usually outside the staves, but sometimes 
built inside. With cheap labor, as in Africa and Mexico, filling was often done by a 
man with a hose. 

As soon as filled, the sand is allowed to drain, and solution is applied to the top; 
it may be applied as a spray or allowed to pour upon the sand — in the latter case 
sheet-iron pans are used to prevent washing lioles in the surface. 

In filling with dry or draintnl sand, conveyors may be used — a main belt running 
along or between rows of vats, with a traveling shuttle belt across the vats — 
with automatic dischaige. Or the feed may discharge over the center of the vat, 
and slide down a radial inclined shoot with adjustalilo openings, the shoot being 
gradually moved round the vat by hand. Or harrows, cars, etc. may be simply 
dumped over a coarse grating supported just above the top of the vat. 

When filling with dry or drained sand, some hours of treatment time may be 
saved by siinultaneously introducing solution below the filter bottom, so that it 
rises through the sand about as fast as the sand accumulates. As soon as the vat is 
filled and solution reaches the top, the bottom supply is cut off and normal downward 
leaching is started. . 

Direct treatment in the same vats in which sand is settled wet is only practicable 
when colloids are absent or have been washed out almost compl(*tely f)y cones, tij/itz- 
hasten, or other classification systems. Filter-bottomed collecting vats are sometimes 
used, and may be superimposed above the tr(‘atinent vats, tlje setth'd sand being 
transferred to tlic latter by shoveling or by an excavating machine, such as the 
Blaisdell. Instead of an annular overflow launder for the collecting tank, vertical 
slots have been used in Africa for overflow water outlets, the outflow level being auto- 
matically raised by roller-blind devices carried on floats, or it may bo raised by 
cast-iron rings placed abov(' a bottom opening. 

In double treatment, the sand is collected and drained in such tanks, and given a 
preliminary cyanide solution treatimait to dis]>lace the water; it is then transferred to 
the treatment vats below, where leaching is completed. The aeration thus WK'ured 
is beneficial. 

Caldecott’s continuous-collecting system for sand consists in classifying with dia- 
phragm cones and draining the thiekened sand on a slowly revolving horizontal table, 
about 20 ft. in diameter, provided with a wdde annular filter of ctx-o mat and calico 
supported on wire screen. Here the sand is dewatered by a vacuum of about 5 lb. 
per square inch and removed by a fixed plough; it falls on a lK*lt conveyor and is 
conveyed to the treatment vats. 

Leaching. — The manner of applying solution varies. Gold dissolves rapidly, 
especially from fine sand, giving rich effluents in the early stages of leaching; the 
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value falling off rather rapidly; silver often dissolves slowly, showing Iorr difference 
in the value of the effluents with time. For instance, a particular ore yielded 70 
per cent of the extractable gold, but only fjer cent of the extractable silver in 
the first quarter of the total effluent solution. Hence, by precipitating only the 
first half of the effluent, and using the later portions fortified in cyanide, for the 
early treatment of vsucceeding charges, the volume precipitated is minimized, 
so that it may be possible to make good extractions while precipitating not more 
tlian half a ton of solution j)er ton of sand. 

"rhe strength and the alkalinity of solution and the number of hours of contact 
must be determined to suit each case, and great saving may result from adjusting these 
conditions, and the degree of comminution of thc^oro, after the general treatment has 
been established. 

When two solutions are used, the strong is generally applied first, and the weak is 
followed by wash wat(*r sufficient to displace it. The wash water and water in moist 
or water-crushed ore mix with Ihe solutions to some extent, yielding “first and last 
drainings” of low Na(yN content and low in precious metals. To j)reserve the 
volume of plant solution constant, these drainings, or low solution, are best precipitated 
separately and the barren run to waste. A slight saving is efFected by using a buffer 
of this barren solution just before the wash water, Sornt'times a little weak solution 
is similarly used before the strong; this is advisable if cyanieules have not been 
removed previously. 

When dry ore is cruslied in eyanide solution the final wash water must be regulated 
to make up the deficit in solution which would occur ()1h(Twis(‘. 

The “leaching rate” of sand is measured by the fall jxt hour in the surface of 
solution standing over a charge of saturated ore in tin* vat. (lood extractions are 
usually obtained with leaching rates of 2 in. <»r more ])er liour; at I in. more care is 
necessary, and slow’or rates are generally dangerous, shortening the time of contact 
by reason of the longer washing period ueeessary. As the voids m settled sand arc 
usually about 50 per cent of the volume, solution desccaids through sand at alxiut 
double the Hurface*I('aching rate, and the hours recpiired for displacement of stilutioii 
by wash water may be ajiproximated by dividing twice llie surface rate into the inches 
depth of charge. 

With sand of given character, the leaching rate is not iinicli retarded by a moderate 
increase in dept h; the eff(*ct of depth is largely offset by increased head. An extremely 
thin layer of slimy material may, how'over, affect the rate profoundly. Application 
of a vacuum beneath the filter bottom was formerly practiced, when classification was 
usually imperfect; wdiile increasing the flow it tended to cause packing of the charge 
and lower the normal leaching rate; it may boused with advantage in the final w’ashing 
stages. 

Solution may be supplied continuously to the charge, or may be added at such 
intervals as to allow^ the surfac(‘ to become drained and thus entrap air. Solution is 
sometimes circulated repeatedly through a charge by an air lift or pump returning it 
fi*om the bottom to the top; this gives the desired aeration, but the ultimate removal 
of precious metal is retarded. Maceration or soaking by closing solution outlets for 
long periods is an obsolete practice, but a too rapid flow' should be controlled to avoid 
precipitating unnecessary solution. 

Tanks. — For economy of material a round tank of uniform thickness should 
have a depth equal to one-half tlie diameter; for economy of hoops the shallower 
the better; for economy of foundation the reverse. A common compromise is 
to make the depth one-fourth to one-sixtli the diameter. In steel vats the bottom 
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is usually at least He thicker than the sides; these also may be lighter toward 
the top. Steel tanks are riveted and have a ring of angle steel surrounding the 
bottom; a similar ring is often used at the rim, and deep tanks may be stiffen^ by 
a ring of T-iron or a channel section round the middle. For wooden tanks, round iron 
or steel hoops are preferable to flat ones, which often develop rust on the under 
side. To get the full strength, the ends should be suitably upset before threading, 
and the section af bottom of thread considered in calculating strength. For 
sizes requiring over round it is preferable to use 1 ^-in. or larger square 

steel. The sizes may increase by >8 from H in. at top, and the spacing be made 
correspondingly closer as depth increases. Heavy hoops and rings must be rolled 
to the proper curvature before use, and hoops must be provided with properly 
designed couplings. • 


Tn calculating the necessary" cross-section of hoops or thickness of side, wet sand, 
like slime pulp, must bo considered as a perfect fluid, as there are times when it is 
dangerously near that condition. Settled sand may be assumed to have 50 per cent 
voids, when tlu* specific gravity of the wet mixture p is ().r)(d -|~ 1) where d = specific 
gravity of dry sand. 


D = diameter of tank in feet. 

H = depth from top to center of ring (or hoop) considercfl, in feet. 
p = specific gravity of pulp (= 0.5(d -f- 1) for wet sand). 
t = thickness of steel vat in inches at depth II. 

W = inches width of ring controlled by hoop in wood vat at depth II, 


Strain on square inch cross-scction of steel sheet ^ 


2 C)DIIp 
I 


11 ). 


Total strain on cross-section of hoop = 2.iyWI)IIp lb. 

Thus, with a steel tank .5b ft. in diameter, the metal }i in. thick at a depth of 10 ft. 
when filled with wet sand of specific gravity 2.S(p = 1.9) stands a strain of 

1.9 

2.G X 10 X «50 X Q 25 “ 0,880 lb. jier square inch 

Similarly with a wooden vat under the samp conditions, a hoop*10 ft. from the top, 
spaced 6 in. from adjacent lioojis, is subject to a strain of 

2.0 X 0 X 10 X .50 X 1.9 =- 14,820 lb. 

and for a factor of saiety of .5, the hoop must be capable of standing 74, (MK) lb. 


Leaching in the Filter-press.- This include.'^ collection and complete treat-* 
rnent in the press, and usually requires solution to be apjilied under a pressure of at 
least .‘10 lb. per square inch. Separated slime orall-slirned ore, suitably thickened, 
is fed into the jiress by grav'ity, inontejus or pump, until filled. Alternate* plates 
are then connected with compres.sed air and the water displaeed. Solution is 
next applied through tlie same channels, and leaeliing (whieli may involve several 
solutions and may be alternated with air treatment) is eontinped as long as gold 
dissolves; it is then displaced by wash water and the solid is finally discharged. 

The Dehne press, used in Western Australia for roasted ore and in some cases fur 
raw slime, was opened and discharged by hand; it did not differ essentially from the 
ordinar 3 ^ plate-and-franie press. Treatment was completed in some cases in a 2- 
or 3-hr. cycle, but operation was expensive, even when openiug and closing were 
effected by hydraulic power, and it was generally found preferable to dissolve the gold 
in agitators and use the press for filtering and washing only. 

The Merrill press discharges the solids by mechanical sluicing through a bottom 
channel provided with ports, making it possible to u.sc a press continuously for many 
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TOonthfl without opening or changing cloths. Sluicing is effected by a ceries of noasles 
in a rotating pipe or bar running the full length of the press, it requires 3 to 6 tons of 
water per ton of solid, depending on the character of the latter; much of this water 
may be recovered if desired by a thickener or rotary filter. While the first cost of 
this filter is comparatively high, the treatment requires a minimum of labor. With 
granular slime, a 4-in. frame is suitable; if extremely fine or flocculcnt, a 2- or 3-in. 
cake is preferable. Center washing may also be used, in which •case the cake is not 
made to fill the frame completely, and air and solution are applied through the central 
opening in each cake instead of passing crosswise through the frame. In this case the 
cake is loosened by applying air for a short time behind the cloths prior to sluicing. 

Leaching in the press is essentially similar to gravity leaching of sand, but much 
more rapid, occupying hours instead of days. For instance, with Homeijtake ore, the 
coarser mill sand yielded 70 per cent of its gold by Inaching in a 7-day cycle; if reground 
this yield increased to about 80 per cent, the finer portions of the sand yielding 90 
per cent. The slime and fine sand treated in the Merrill press yield 90 per cent in a 
cycle of 8 to 10 hr., of which 1 hr. is consumed in filling and one in sluicing. The 
operating cost in each case is about the same. 

The Sweetland press has a cylindrical shell, opening by a hinge, the circular plates 
being tipped for discharge. 

Simple Decantation. — In this process of slime treatment the material was 
agitated with cyanide .solution and allowed to settle, the clear suj)ernatant liquid 
was decanted off by a swinging jnjTe or flexible hose supi)orted by a float which 
kept the inlet near the surface, 'rhis licpiid was replaced by barren or low-grade 
solution or water; mixing, settling, and decantation were then repeated, and the 
same cycle might be reiieated several times. The first decantate was always 
precipitated, sometimes the second or third, and the barren solution used with 
later decantates or washes for the make-up on a succeeding charge. The thick- 
ened residue, including more or less low-grade solution, was finally run off to a 
dam, or in some instances filtered. Some liquid separated on the dam and was 
sometimes pumpeii back for use in washes. 

Successive agitations were carried out in the siime vat — using mechanical agitation 
often aided by air — or, in a series of vats, one for each stage. In the latter case time 
was saved by hydraulicking the settled slime with solution or running it by gravity 
into a vat already containing solution, or, if the vats were on a level, a centrifugal 
pump was used with arrangements for drawing in a certain proportion of air for oxida- 
tion. Lime was commonly added to facilitate settling. 

The process was adaptable to existing shallow vats by addition of an arm or 
paddle agitatx)r. In South Africa, large shallow vats were used with bottoms slightly 
coned, but it was found that with increji.sed depth, air agitation could be advan- 
tageously substituted, and this led to the development of the extremely deep Pachiica 
tank by F. C. Brown at Komata Reefs, New' Zealand, in 1902. 

The Pachuca may be from 10 by 30 to 15 by 45 ft., with a central air lift one-tenth 
the diameter, and a cone bottom inclined 60 deg. In addition to the lifting air, a 
second small pipe was added for stirring settled slime, and later a spider or movable 
set of radial pipes surrounding the air lift for the same purpose. The air outlets W'ere 
valved or covered with flexible rubber to prevent entry of slime when tlie air was 
cut off. 

At Waihi the Brown vat was used for crushed ore in connection with the Moore 
filter; at Goldfield and Treadwell it was used for fine-ground concentrate, and the final 
removal of solution was effected with a Kelly filter press. 
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CoAtiiiiiOftts or series treatment (not to be confused with ^untercurrent) 
was first used by Grothe and Mennell in 1908. The cyanide pulp is transferred 
through a series of three to six Pachuca tanks, maintaining it in agitation, thus 
saving the time occupied in emptying and filling, settling and stirring, and avoid* 
ing loss of head, except a few inches between successive tanks. The connecting 
pipes between adjaqjent tanks are set at a downward angle of about 60 deg., with an 
intermediate section of rubber hose. After leaving the agitation system the pulp 
passes to a suitable filter, an intermediate storage tank being usually provided in 
advance of the Moore and Butters filters, which have been much used. This is 
unnecessary with rotary filters which are automatic and almost equally effective. 

By keeping the outlet at a suitjible distance from the surface any considerable 
accumulation of sand is prevented; a certain accumulation of sand in the system 
is desirable, giving the coarser particles a longer treatment time than the average. 
Shallower agitators, as the Dorr, Trent, I*arral, etc., may be used; the discharge may 
also be selected by other meajis. Short circuiting of some particles must inevitably 
occur, but in a series of tanks tlie probability of this is decreased. 

The intermittent vacuum filters (Moore, Butters, etc.) and pressure filters (Burt, 
Kelly, etc.) require more attention, but arc more flexible in application, as treatment 
can be completed in them, as well as washing and dewatering; rotary vacuum filters 
(both the drum type, Oliver, and Portland, and the American or disc type), are 
practically rt'striclcd t(» washing and dewatering. Dewatering may be carried by 
any of these filters to about 25 per cent moisture. 

Ill the Kelly system tbe agitators are followed by two sets of rotary washing filters 
in aeries; the cakes <li.scharged from the first set are re-pulped with wash solution 
or water in intermediate mixers to a liquid ratio about 1:1. The loss of dissolved 
value in the final cake is thus mhiimized. 

Continuous Countercurrent Decantation, an adaptation of a well-known prin- 
ciple,^ was attempted in (■ 3 "aniding by Randall (South Dakota) in 1901, and by 
Denny (South Africa) in 1903, using cone-shaped agitators. * It was made a 
practical success by the application of the Dorr thickener, a series of three to five 
of these being used, together with a number of agitators, the ore being usually 
crushed in solution. 

After leaving the first thickener, the partly thickened pulp passes through the group 
of agitators, which may be in senes or .scries parallel, and then through the remaining 
thickeners, and is di.scharged with or without filtration. By setting the last thick- 
ener highest, and the others in steps leading to it, the decanted solution flows back by 
gravity in the opposite direction to the solid, while the thickened pulp is transferred 
by diaphragm pumps. If on a level, the solution may be moved by air lifts. Excess 

1 The countercurrent principle allows the oriKinal ore to be treated with solution fairly rich in precious 
metal, but when partly exhausted, it must come in contact with poorer solutiods, finishing either with 
wash water or with solution currying only traces of value. The valuable content of the reagent should be 
os closely as possible proportioned to that extractable from the ore it meets, 

An approach to this ideal is the conveying of crushed ore through a launder or horizontal pipe while a 
slow stream of cyanide solution travels in the opposite direction. Mere prolonged agitation, of the 
continuous passage of pulp through a scries of agitators without a countorcurreui, is entirely opposed to 
this principle, the solvent becoming enriched as the ore is impoverished. 

In any continuous system the time an average particle remains in any ttiickener or agitator is found 
by dividing the weight of pulp passing hourly into the total weight of pulp contained in that unit. The 
arrangement (series or parallel) of any group of units does not. therefore, affect the average time occu- 
pied by the pulp in passing the group. Lengthening out the series of units decreases the prob- 
ability of the rapid esoapH* or short circuiting of any particle. (C7. pp, 199 to 901, this book. ) , 
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w»lution from the first thickener is precipitated and returned to the second or third 
(me from the end ; cyanide is added to of the agitators. 

Points (‘ssential to success are: solution of the maximum gold or silver before leav- 
ing the agitator system, and efficiency of settling in succeeding thickeners — to at least 
fiO per cent solid if possible; in most cases, and always if the percentage of solid in 
effluents is under 50, the final discharge should be treated on a rotary filter to reduce 
soluble losses. Underflow solution is always slightly richer thtfn overflow, owing to 
some dissolving and to diffusion of adsorbed or absorbed solution. 

The flow sheet of United Eastern mill shows conditions prevailing with a pulp 
difficult to settle. Theory and practical applications are discussed by Eames,^ Dorr 
and Dougaii at Elko Prince,* and W. O. North at United Eastern.® 

Residues may be discharged by sluicing wdiere water is ])lentiful, and in some cases 
carried ofl by convenient streams, but more confmonly require to be settled in dams. 
In some localities substantial dams must be built of concrete or masonry, or heavy 
timber, but it is more usual to construct the dam from the coarser portion of the 
tailing itself. Sometimes empty cyanide boxes or dnuns are filled with sand to form 
the initial wall, or cells of light woodwork are similarly filled, or the tailing itself is 
shoveled up to form a retaining wall. The sluiced tailing is then roughly classified in 
such a way as to deposit the coarser material near the dam wall, while the finer settles 
nearer the middle, where a steeply inchned or vertical overflow box may be arranged, 
the overflow level being gradually raised by adding slats w^hen necessary. Where 
possible, it is convenient to have two or three dams or sections, one of which may drain 
and consolidate wdiile another is in use, the more solid jiortion being then shoveled up 
to form the wall. A fair proportion of clayey material, or of contaiiKul lime, makes 
an ex(‘ellent binder for the heavy sand, so that such dams may be built up on suitable 
slojx's to a great height. 

Sand residue may be removed by shoveling through bottom doors, or by a mechani- 
cal excavator, such as the Blaisdell, and carried off in cars, or by aerial conveyors, or 
by a conveyor belt which may deliver it to an elevating stacker. Slime, dewatered 
by a rotary or other filter, may be similarly carried off. 

Or the tailing,, sluiced or in cars, may be used for filling the stopes from which it 
originated; if more than a trace of cyanide remains, it may be necessary to decompose 
it by addition of p(*rnianganate. 

Slinu* residues, thickeiu'd or settled witliout a filter, may usually be conv('y(‘d in 
pipes, but require a large area for satisfactory collection. 

Water courses below residue dams are liable to contamination sufficient to cause 
the death of birds and animals unless due precautions are taken. Whenever possible, 
it is desirabh* to pump any accumulated liquid back to the plant as a matter of pre- 
caution, as well as of economy on account of contained cyanide and precious metal. 

“Dissolved values’' carried to residue* dams behave differently according to 
climatic conditions. In and regions evaporation takes place rapidly and salts efflo- 
resce at the surface forming a thin layer of much enriched material — in some cases 
worth $100 per ton — which may be collected from time to time by careful sweeping or 
scraping, and returned to the plant. \Vhere the rainfall is fairly heavy the surface is 
usually impoverished; in some cases reprecipitation takes place on organic matter 
near the floor of the dam, in others some recovery may be made by precipitating the 
sw'page by zinc boxes or, if acid, b}" scrap iron. 

Similar dams may be used for the storage of untreated tailing intended for subse- 
quent treatment. These should be constructed with a view to the reclamation of the 
tailing, removing trees and other obstructions, leveling the bottom, and excluding 
organic matter when possible; sand and slime may advantageously be segregated, 

» Trans, A I. M. JS., W, 142. 

a lind., 00, H4. 

9lbxd„ OS. 548. 
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PRECIPITATION 

Electrolysis as a mode of precipitation attracted many inventors as it seemed 
reasonable to expect a large measure of regeneration. Siemens & Halske used 
multiple iron anodes and thin, sheet-lead cathodes, wiiich were to be removed and 
cupeled after accumulating a suitable amount of gold; the current was of low volt- 
age and a density 0.04 to O.OG amp. per square foot. The iron anodes were 
encased in hessian (burlap) , but much Prussian blue and other by-products com- 
plicated the process, and the loss of iron was 0.3 to 0.5 lb. ]>er ton treated. The 
main difficulty was the excessive electrode area and tank volume required approx- 
imately to exhaust a solution, the electrodes being 1 to 1.5 in. apart, and 20 sq. 
ft. or more in area. 

• 

Butters modified the process by using tinned iron cathodes and much higher cur- 
rent density; Andreoli invented anodes of lead coated with lead peroxidij; Cowper- 
Coles used anodes of peroxidized lead and cathodes of aluminum, from which the 
deposited metal was to be stopped in sheets. 

Several inventors attempted to precipitate the gold as an amalgam by using as 
cathode a layer of mercury or an amalgamated copper plate. Some filtered the solu- 
tion, others attempted to jirecipitate on plates suspended in the pulp during agitation; 
some added common salt to increase the conductivity, but in no case was entire suc- 
cess attained. Pelatan and Clerici introduced several apparatus for this purpose, and 
others were devised by llieckcii, Hendr>'x, Oliver, Mumford, Hebaus, and Noriega. 

Sodium and Sodium Amalgam. — The ideal jirecipitant for gold and silver from 
cyanide solutions would be metallic sodium, completely regenerating the alkaline 
cyanide: 

Na -f NaAu(CN )2 = Au + 2NaCN 

Attempts to use this reaction by moans of sodium amalgam have not met with 
practical success. Molloy proposed to make metallic sodium by electrolysis of 
Na 2 C 03 solution with a mercury cathode eommiinicating with and diffusing into 
a body of mercury kept in coijtaet with the cyanide solution ; otliers sprayed sodium 
amalgam through a rising stream of solution, or kept it moving by means of 
amalgamated discs. 

Aluminum and zinc stand next to sotlium in the line of available positive 
metals, and have proved the iimst practical prccipitants for gold and silver. 
Each replaces silver in solution, but aluminum forms no double cyanide and 
requires the presence of some free alkali. The equation: 

A1 -h 3NaAg(CN)2 + 3NaOH = ONaCN -f 3Ag + A1(()II), 
indicates the complete regeneration of NaC'N and the formation of alumina, which, 
however, dissolves in NaOH to form an alurninate, which may be assumed to be 
NaA102. The NaA102 reacts with CaO in solution to from insoluble CaAlisO*. 
Gold is not readily precipitated by aluminum, unless a fair proportion of silver is 
present; mercury is, but copper is not precipitated. 

Aluminum dust has been successfully used in silver mills at Cobalt; it is led in a 
manner similar to zinc dust, Vmt must be retained in a special agitating tank to 
increase the time of contact. Hamilton’s system, in use at Butters* Divisadero plant, 
involves the removal of calcium by a minimum of soda ash prior to adding aluminum ; 
the aluminum passing into solution being later thrown out by lime used in the mill. 
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Hamilton ataies that, in practice, 1 part of aluminum precipitates only 3 of silver in 
place of the calculated 12, the difference being mainly due to a reaction with NaOH 
to yield hydrogen. Alumina in precipitate makes refining difficult. 

With zinc, the essential reaction is, similarly, a replacement of gold and silver, 
the zinc going into solution as double cyanide: 

Zn + 2NaAu(CN)2 = Na2Zn(CN)4 + 2Au 
No regeneration is apparent, but the double cyanide thus formed has a marked solvent 
action on gold and silver, which is increased by the presence of free alkali up to a ratio 
of about 4NaOH for each molecule, or about two- and a-half times the weight of zinc. 
Precipitation is complicated by side reactions, especially the evolution of hydrogen 
by reaction of Zn with NaCN and NaOH forming additional Na2Zn(CN)4 and Na2Zn02 
(zincate); this H further reacts to form sulphide by reduction of NaCN8 and other 
sulphur salts, the Na2S then precipitating Pb, Hgy or Ag as sulphide instead of metal. 
Home precipitation of Hg, Cu, etc. is due to direct action of zinc. Christy and others 
have written equations purporting to show a definite proportion between Au and H 
produced, but there is no fixed relation. 

Zinc shaving was recommended by MacArthur and Forrest for a 
“metallurgical filter^' after testing various forms of zinc. U. S. patent 418138 
(1889) describes a vessel or series of vessels, with perforated false bottoms, carry- 
ing a sponge of “filiform zinc'^ cut by turning tool from a series of zinc discs, 
solution being arranged to rise through each section of a set of boxes or 
compartments. 

Zinc boxes are made of wood or steel, occasionally of cement, sometimes in units 
but usually in a senes of five or six similar compartments, each with a false screen 
bottom, the new zinc being added at the lower end and moved up as it disappears 
from the upper end. Eaeh section usually has a plugged bottom hole communicating 
with a pipe or enclosed launder which leads to a tank or receiver for use at the clean-up; 
the top is often covered with coarse screen us a precaution against theft. At a clean- 
up, the fine material is shaken down and washed tlirougli the screen bottom, and drawn 
off or washed down to the receiving tank from which it is pumjied to a small filter 
press. A considorablo amount of precious metal is held tiaek liy the residual zinc 
moved to the head compartments. Home “short zinc ’’ often has to be separately 
treated. It is advantageous to increase the spaec‘ beneath the false bottom of the 
head comiiartments. The actual zinc-tilled space usually recommended is one cubic 
foot for each ton of solution daily precipitated, but in practice it may be from one- 
quarter to double this. Five ctimpartmeiits are usually sufficient, but it is advisable 
to keep an empty coinpartmont at the tail end. 

Suitably packed, a cubic foot of fine zinc shaving weighs about 6 or 7 lb. but the 
coarser material used for silver may weigh 14 lb. It is now made by soldering together 
sheets of rolled zinc, coiling this closely on a roller or mandrel wdiich is then set in a 
lathe, and cut by a chisel making an oblique cut at the ends. It is desirable when 
cutting to wind the thn*ad into hanks of a size to fit the boxes in which it is used. 

If the shaving is assumed to be a continuous rectangular strip of width a and 
thickness b in,, the surface exposed by 1 lb. of zinc is 

O.OfioQ + sq. ft., or nearly if thin. 

If the section is not rectangular, but a parallelogram of angle A, this must be multi- 
plied by cosec A. 

Zinc dust as a practical gold precipitant was fii'st used by Sulman at Deloro, 
Ontario, added intermittently to a rising stream of solution in an inverted cone, 
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and passing to a filter. Later Waldstein and others added it by sprinkling it 
dry or as an emulsion in large charges upon vats of solution in a state of agitation, 
which were then pumped through square filter presses. Merrill introduced the 
practice of feeding it continuously to a moving stream of solution and using a 
triangular filter press; this system is now in use at nearly all the larger plants on 
the American contjpent, and is gradually displacing shavings elsewhere. 

Feeders of several types are in use. One of the best is a slow-moving horizontal 
belt, on which a charge sufhcient for several hours is spread in a uniform layer; this 
falls into a small mixing eone through which a trickle of auxiliaiy solution conveys it 
to the pump suction pipe. Another is a hopper at the outlet of which revolves a 
roller or pulley which removes a nairow ribbon of dust, the tliickness of which is 
regulated by an adjustable slot. Or the riue may be remov(‘d fmm the hopper by an 
auger-like horizontal screw Tliese feeders ri'ciuire a jarring mechanism to prevent 
the dust from adhering or bridging. Sometimes a miniature tube mill is added as a 
mixer. For accurate measurement it is convenient to have duplicate tanks of 100 or 
200 tons capacity, which are precipitated alternately, but a large single tank may be 
pumped continuously while solution flows into it. 

Abandoning air agitation effeited a considerable saving of zinc, but the most 
marked improvement in precipitation has been the Trowe process of removing air 
from the sohilion by passing it through a vacuum lank on its way to the pump and 
just before introducmg the zinc. In pieeipilating gold, the praetieal minimum of zinc 
dust 18 now between 0 1 and 0 05 lb. per fluid ton, oi 25 to 50 parts of zinc per million 
of solution When starting a press after a elean-up, it is advisable to add 50 per cent 
or moie dust ni ('xeess of tin* noimal < barge, tins is gradually diminished in successive 
charges until the regular amount is reached. 

If /me dust tonsists of equal spherical particles of diameter d in , 1 lb. exposes 
0 165 7.544 

a suiface oi sq ft , and contaiiiH particles 4t an average diameter of 

- — in , 1 11) exposes 1,650 sq ft , and 0.1 lb. spread through a ton of solution gives 

10,000 • 

some 13,600,000 partidea to the eubic imh. 

For complete reaction 1 unit weight of Zn precipitates C 03 units Au, 3 30 Ag, 
or 1.93 Cu', but the eiheiencies obtained in practice are often extremely low, some- 
times only a fraction of 1 per cent with low-grade gold solutions; with iich silvei solu- 
tions 50 per cent may be roaihed, if complete exhaustion of the solution is not aimed 
at. Gold solutions can usually be precipitated with zinc dust to within 1 cent per 
ton, with a less expenditure of zinc than shavmgs require 

The best zinc dust was formerly impcnted, it usually contained about 2 per cent 
lead and often some cadmium; a much more eflicient dust is now made in the United 
States, practically free from foieign m(*tals and extremely uniform in size, the finer 
grades nearly all passing a 300-mesh sieve. It invariably contains oxide, often 
between 5 and 10 per c(*nt ZnO, but this is not visible under a microscope which shows 
uniform bright spherieles. The thickness of a surface layer of 10 per cent ZnO on 
spheres would be less than one-fiftieth the diameter. Extreme fineness is ailvan- 
tageous with low-grade gold solutions, but not necessary with the higher metal con- 
centrations obtained from silver orf»s. 

With zinc dust, 1 sq. ft. net filter surface suffices for 1.5 tons (or 60 cu. ft.) solution 
per day, or 6 tons per hour per 100 sq ft. ; with clear solutions a press may be run for 
long periods at double this rate. Colloidal suspended matter soon inn cases the pres- 
sure and reduces the pumping rate. For gold solutions 2-in. distance frames are 
suitable, 3- or 4-in. for silver. On opening a press most of the cake falls into the 
wheeled tray placed beneath; the remainder is easily removed by scrapers. 
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Tho practical efTicicncics obtained with zinc dust, and the accumulations of zinc 
in solution, have iiveraKed about the same as with shaving. 

Tin* dust process involves a more expensive installation than zinc shavings, but 
has th(^ advantage of greater compactness and cl(*anliness, and involves less labor 
in maintenance and cleaning up as well as leas risk of theft. The periodical clean-up 
is absolute, while a holdover of several thousand dollars’ worth of precious metal 
commonly occurs with zinc shavings, and makes it impossible to compare the actual 
with what is often called the "theoretical” recov(*ry. After a destructive fire, pre- 
cipitate in a filter press has been found intact, while zinc boxes have entailed great 
difficulty in the attempts to recover their contents. At a gold plant a press occupying 
a floor space of 5 by 14 ft. can easily carry a month’s accumulation of $40,000. 

The comparative cost of the two systems at any time depends, of course, upon the 
wage scale and the relative prices of zinc dust and spelter. The Crowe process 
effects an economy in both. 

Zinc in other forms has occasionally been used as a precipitant, such as small 
discs, slugs or balls in a rotating cylinder or pan through which solution passed. 

Sodium sulphide (Na 2 ‘S) does not appreciably affect gold or copper in cyanide 
solution, but precipitates silver as AgaS from NaAgf(’N) 2 , at the same time regen- 
erating Na('N, and carrying down some gold in the presence* of a large proportion 
of silver. Owing to the reversibility of the reaction, j)recipitation must cither be 
imperfect or a slight exe(‘ss of Na‘>S must remain in solution, which is an objection 
to its use, as is also the necessary further treatment of the preeijutate. Tt was 
patented by Janin and Merrill in 1894, but was not u.s(*d until adoi)ted at Nipissing 
as a substitute for the expensive* aluminum dust. The i)recipitate is here re^ducenl 
to metal by the Denny proce\ss, by contact with slugs of aluminum in a tube mill. 

Carbon as a Precipitant. — (5ra]>hite has no precipitant action whatever on 
ge)ld or silver in cyanide sedution, nor has wooel fil)e*r (e'cllulohc). Charcoal, 
partly burned or cliarroel woeal, some varieties e)f decaying wood, and some f)f 
the carbonaee*ou;s material feiiind in certain black or "graphilic” shales and 
slaters, all preci])itate geilel from its solutions, some of them rapidly, and in semie 
cases they may pre'vent its solution. Freshly burned eliarcoal is most energetic; 
after long storage it is much less (*ffective, but the jireci pita ting property may be 
largely restored by reburning. It is usually assumed to be duo to occluded gases 
(CO or H) but nothing has been definitely determined on this point; these gases 
and tho hydrocarbons in their ordinary form are quite inert. Coke and some 
varieties of etial havT some precipitating effect, and in South Africa Caldecott 
patented the use of partly burned coal ai;^ a precipitant. In Australia, charcoal 
has been used to some extent as an actual precipitant, but the large volume required 
makes it inconvenient, and the final recovery of the gold is troublesome. Silver 
also is less completely precipitated. 

The discovery, during th^ late war, of means of activating charcoal, and the known 
high activity of coconut shell and other dense charcoals, and of kelp char, and the fact 
that fresh pine charcoal is almost equally effective as a gold precipitant, all suggest 
that charcoal has stmie practical possibilities if a belter mode of application is dis- 
covered. Agitation with finely pmwdered, recently burned charcoal followed by filtra- 
tion gives promising results on the small scale. 

Edwards at Yuanmi, Western Australia, used three Butters-type vacuum filters 
in series, each of 260 sq. ft. surface and charged with 300 lb. of ground charcoal; this 
system precipitated 280 to 420 tons daily, leaving 7 to 8 cts. gold in solution out of 
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an original $3.25. One filter was renewed every three days, making consumption 
to H lb. per ton. The dried product was burned and the ash fluxed in crucibles with 
borax, sand, and salt. 

Refining. — Dry cyanide precipitate may contain up to 70 per cent metallic 
zinc or ZnO; that obtained by zinc dust from gold ore averages about 25 to 40 
per cent, that from rich silver ore much less. If precipitant and solutions were 
lead free, precipitate from rich gold or silver solutions may be melted directly in 
crucibles with borax; it is more commonly acid treated to remove zinc or some- 
times toasted in iron muffles as a preliminary step. The removal of zinc by 
distillation in Faber du Faur furnaces has been used experimentally. 

Borax is the most important flyx, best xised as cniahed borax glass; the crystals 
contain 50 per cent of water. Soda jush and silica arc also useful, depending on the 
impurities to be fluxed off; l)icarboiuite is sometimes used in i)lace of soda ash, though 
more expensive and less efficient. Niter or sodium nitrate may be used to oxidize 
zinc, sulphides, etc.; manganese peioxide may be substituted, as it gives off oxygen 
more gradually; oxidizing agents attack graphite crucibles, and also tend to carry 
silver into the slag. Clay liners may be used to protcet the crucibles. Fluorspar 
helps to maintain fluid slags. Litharge is used only wlu*ii cupellation is the final step 
in the refining process. 

Ijcad present in zinc or added to solutions appears in precipitate as metal or PbS, 
and sulj)huric acid removes but little of it. Acid treatment, if followed by thorough 
washing, removes most of the zinc and calcium, and part of the copper. It is carried 
out in a lead-lined tank with a mechanical agitator, water ])eing first introduced and 
strong acid added gradually to prevent boiling over. A suet ion fan is necessary to 
remove fumes, especially HC'N, JLS and AslL; and <‘arc is also necessary on account 
of the liydrogen evolved. When .action ceases, more water is added, the liquid is 
decanted upon a filter or through a small filter press, the pn'cijjitate is then trans- 
ferred to the filter and washed, and finally dried to a stage where it can be handled 
without dusting. Sodium bisulphate (NallSOi), a by-product of acid works, may be 
used as a substitute for sulphuric acid. * 

After acid treatment silica, cadmium, mercury, and some copper remain with the 
precious metals, and some CaS ()4 and ZnS() 4 ; mercury may .s()metinu»s be pi-ofitahly 
distilled off after adding lime or metallic iron to decompose HgS. On iiu^lting with 
reducing agents sulphates are deoxidized, yieUling matte, which usually carries silver, 
as well as copper, lead, and iron. 

Large cnicibles, up to No. 400, may be used in tilting furnaces filed with oil, gas, 
or powdered coal; sizes 100 and sinallor may be poured with Iiand tongs from wind 
furnaces using coke, etc. Electric heating lias been but little used. In direct fluxing 
the cost of graphite crucibles is a serious item; melting may also be done without 
crucibles in tilting furnaces lined with carborundum or other refractory, or large 
crucibles may be set on a reverberatory hearth. 

Rich silver precipitate is, at large plants, fused directly on a itvcrbcratory hearth 
and tapped to molds; at Nipissing it is finished on the hearth by air-blast refining. 
United Comstock has an oil-fired tilting reverberatory. 

The Tavener process, developed in South Africa, consists in mixing the prtjcipitate 
with litharge and some sand, and smelting in a small reverberatory or pan furnace; 
the reduced rich lead is tapped off and cupeled. 

At the Homestake, precipitate, raw or acid treated, is partly dried and briquetted 
after mixing with a flux of borax, borax glass, litharge, and a little silica. The 
briquettes are fused in a small English cupel furnace on a t<»st of Portland cement 
(three-fourths) and limestone (one-fourth) whicli is started by adding a little lead; 
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the 0 lag is tapped ojff from time to time together with some of the reduced lead. When 
all melted the surface is cleaned off and the lead cupeled on the same test, returning 
accumulated lead; the final slab of gold is broken up while still hot, melted in cru- 
cibles, and cast into bars. Low-grade precipitate is best briquetted, passed through 
a small blast furnace, and the lead cupeled. 

The cupel slag, matte, and similar by-products, are treated in a small blast furnace, 
and the load is either cupeled directly or used to start cupellaUlon in the next run. 
The litharge from the lead processes is ground and used for flux at the next clean-up. 

If the precipitate is briquetted and treated raw the increased losses in lead in slags, 
etc., offset any saving in acid. The holdover in blast-furnace by-product lead and 
litharge is less than 1 per cent of a month's run, and the only by-product to be mar- 
keted is the impoverished matte from the blast furnace. 

In fluxing, 100 lb. of raw gold precipitate many give up to 100 or even 200 lb. of 
slag; after acid treatment and lead refining, about the same total of slag and litharge 
together, but the proportions vary greatly with the flux and condition of the 
precipitate. 

At all plants largo enough to justify the expense — treating, say, at least 400 or 
500 tons daily — a small lead blast furnace is an excellent investment. Not only can 
the by-products of cyanide clean-ups — and if necessary tlie entire clean-up after 
briquetting it or setting it with some binder — be treatc'd economically in such a fur- 
nace, but all sorts of by-products can be handled at intervals with little or no previous 
preparation, such as mill skirnmings, rich pyrito, black sand, iron superficially amalga- 
mated, old copper plates, sweepings, rich slags, crucible scrapings, etc. An important 
essential is to avoid charging finely divided material, or the blast may l)ec()me choked 
and the furnace freeze. Fines must be briquetted or set with some suitable binder, 
such as water glass or acid. 

In preparing cyanide precipitate for refining by means of a cupel or blast furnace, 
the expense is about the same whether a preliminary acid treatment is used or not; the 
use of acid effects an important reduction of the lead losses. If much zinc remains in 
the mass smelt(*d, the slags become stiff from the presence of spinel-hke compounds, 
and more lead inusj; be left in the slag. If the washing of acid-treated precipitate is 
imperfect, sulphuric acid or sulphate of calcium or ziue remaining, the SO 4 becomes 
reduced in the ciipcd or furnace and mat to is formed. 

In many cases the mixture of by-products is almost self-fluxing, requiring only the 
addition of a little limestone or assay slag to run freely. Fluorspar is sometimes useful 
in maintaining a fluid slag. In the final furnace by-products, such as matte, slag, and 
litharge, tlie ratio of silver to gold is generally much higher than in the bullion bars. 

Air and Oxygen in Cyaniding. — The oxygen necessary to dissolve gold is 
supplied by air dissolved in the solution, which is slightly less than that carried 
by an equal volume of water. Additional oxygen may bo furnished in leaching 
by allowing solution to drain low before adding more, and thus entraining air; 
sometimes air is blown for several hours at a time through the filter bottom after 
draining a charge, and it may be similarly blown tlirough charges of slime in the 
filter press. 

In slime treatment, air thus serves a double purpose, being used as a mechanical 
agent in agitation or air lifting, as well as to aid solution of gold; when transferring 
pulp by centrifugal pumps air is sometimes admitted at suitable openings, and one of 
the advantages of the “double treatment ” of .sand is to admit air freely. 

The oxyRcii re(iuired for actual dissolving of gold is small in (]uantity. Assuming 
the interstitial space in sand as 50 per cent, the solution contained in a ton of saturated 
sand (specific gravity, 2.6) would suffice to dissolve over $50 in gold or 1.5 02 . of 
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metallic silver, were it not used up by reducing agents, but to oxidise these reducing 
agents (mainly ferrous and sulphur compounds in ore, or organic matter introduced) e 
large volume of additional air must be supplied. In precipitation, the presence of 0 is 
undesirable; see under Crowe Process. Deep agitators and pressure filtration favor 
the dissolving of O, while vacuum treatment removes it from solution. 

Excessive use of air is undesirable, as it carries off some HCN due to hydrolysis of 
NaCN, but free alkaR almost entirely prevents this. The CO2 in atmospheric air also 
tends to decompose NaCN ; the CO3 in 1,000 cu. ft. of free air at sea level will decom- 
pose about 0.1 lb. NaCN, or consume 0.06 lb. of CaO, yielding over 0.1 lb. of CaCOj. 
It may be removed by washing the air with caustic soda or lime water. Accumulation 
of CaCOs on cloth gradually reduces its permeability; this is partially restored by 
treatment with dilute HCl, but each successive acid wash le^aves the cloth a trifle less 
effective than the preceding. Air frftm compressors usually carries oil, which produces 
an objectionable coating on filter press cloths; this oil may be excluded by passing the 
air through a special filter press of a few large frames. 

At .sea level and freezing point, 1,000 cu. ft. of dry air contain 18.65 lb., 8.6 kg., or 
272 troy oz. of oxygen. But at ordinary ranges of temperature and atmospheric mois- 
ture the O actually present is between 90 and 95 per cent of these weights; at higher 
altitudes the weight of 0 per 1,000 cu. ft. is directly proportional to the lower baro- 
metric pressure. It is convc*nient to read this liy a mercurial barometer, and to note 
that the pressure of a l*in. column == 0.49 lb. per square inch, also that the barometer 
falls about an inch for each 1 ,000 ft. elevation from the normal 30 in. at sea level. 


Barometer, inches mercury 

30 

25.0 

20.0 

Approximate elevation corresponding . . . 

0 

5,000 ft. 

10,000 ft. 

Pounds per square inch 

14.7 

12 25 

9.80 

Relative solubility of oxvgcn 

100 

sa a 

66.7 


Solubility ok Oxyoen in J3istilled Water When Exposed to 'JVik at Sea Level 

(Winkler) 


Temperature, Centigrade 

Temperature, Fahrenheit 

Oxygen, cubic centimeters per liter^ 
(^^ygon, milligrams per liter- 


0 

5 

10 

15 

20 


■ 

32 

41 

50 

59 

68 



10 2 

8.9 


7.0 

6 4 



14 (■ 

12.7 

■ 

10.0 

9 15 

6 15 



* From an atiiiosphero of pure* oxygen tlu* solubility im about 1 S times tins. Nitrogen from air dis- 
iiolve.s lit approximately double these volumes 

* Multiply these weights by 0.002 for pounds O, and by 0.029 for troy ounces t), per ton of water. 


For cyanide solutions, at sea level, it is safe to assume the solubility of O as over 90 
per cent of that in water (Maclaurin found 87 per cent for 1 per cent KCN, 50 per cent 
for 10 per cent KCN) and at higher altitudes, to rcMluce this proportionately to baro- 
metric pressure. Thus at 5,000-ft. elevation the maximum solubility of O in ordinary 
solutions may be taken as about 8 mg. per liter or 8 parts per million, which is alxiut 
0.23 troy oz. per ton, sufficient to dissolve 5.7 oz. gold or 3.1 oz. metallic silver. 

In working with deep tanks, and especially at high altitudes, it is important to 
remember that the solubility of oxygen varies with the absolute pressure (gage + 
atmosphere). In a slime tank containing pulp of specific gravity P, at a depth of B ft. 
from the surface, the gage pressure (pounds above atmosphere) = 0.433 PH, Thus 
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in a Pachuca tank, 45 ft. deep, filled with pulp of specific gravity 1.2, the pressure at 
bottom « 0 433 X 45 X 1.2 = 23.4 lb. per sq. in. 

If this is at an elevation of 5,000 ft., with barometer standing at 25 in. (25 X 0.49 
* 12.25 lb.), the solubility of oxygen at the bottom will be nearly treble that at the 


surface. 


23.4 -h 12.25 
12.25 


2.91 

•/ 




In working with thick slime the roAe of solution of oxygen, like that of other 
substances such as gold or cyanide, is much diminished as compared with thin pulp or 
clear solution. 

Solutions recently precipitated with zinc or aluminum, especially after vacuum 
treatment, are practically free from oxygen and nearly saturated with hydrogen, and, 
therefore, in the most unfavorable condition for dissolving gold; they should be given 
an opportunity to aerate by cascading, spraying, or agitation 


Heating Solutions. — Both the dissolution and precipitation of precious metal, 
as well as the settling of slime, are accelerated by a moderate rise in temperature, 
and systematic heating of solutions has often been projiosed. It has been 
advantageously carried out with extremely cold solutions, or to assist in thawing 
frozen ore. Heating above 50 or f)0°F. is, however, of doubtful value; as it 
diminishes the solubility of oxygen and favors decomjiositioii of cyanide. 


When exhaust or cheap steam is available, it may be led through coils or zigzag 
pipes near the bottom of solution tanks or sumps; conveying pipes and launders should 
also bo protected Irom cold. 

The settling of slime and filtering of solution through sand arc also facilitated by 
heating, the rate ol settling (and, theieiore, the eapacitv of settling tanks, €*tc.) is 
inversely proportionate to viscosity of Inpiid. The settling rate of a slime is propor- 
tional to 7’ -f 10, \\here T - temperature Fahrenheit. Thus if a particular slimc 

settles 18 in. per liour at 40"F., its settling rate at 00 will be 4 q [[[ jq ^ ~ 25.2 in. 

per hour. The sat no rule holds approximately for filtration rates. 

In onjshing on', most of the energy applied to the machines becomes available as 
heat in the resulting pulp. As the speeitie heat of most ore and rock is between 
0.2 and 0.25, that of solution being practically 1, it is easy to compute roughly the rise 
of temperature which may be expected. With low-water ratios it is often of 
importance as an insurance against freezing. One h.p.-hr. = about 2,550 B.l.u. and 
raises a ton of water about 1.25°F., or a ton of drj' ore 5 to 6°F. 


Fouiing of Solutions. — In the earlier days of cyaniding much was said of the 
fouling of solutions, and it was necessary at times to dispose of ^‘fouled solution 
and make a fresh start. This is now rarely necessary; solutions are used continu- 
ously for many years without renewal and without material change in composition. 
The daily elimination of solution in residues, and in first and last drainings, is 
an appreciable percentage of the w hole stock of plant solution, so that the solution 
is practically renewed every few months. ‘ Zinc is removed to some extent by 
precipitation or adsorption on the ore or tailing. 

1 If p LS the poicentago of stock soliitioo di.Hcharged dailvi and j the percentage of any Rubstance now 
present remaining m the system after n days 

log jr - n log (l - + 2. 

Thus, supposing 5 per cent of the stock is daily removed, only about 21.51 per eent of any matenal now 
ill solution will remain after 30 days, 4 6 per cent after 60 days, less than 1 per cent after 00 days, etc. 
Hence, if any radical change is made m the treatment, such as substituting NaCN for KCN, the solu- 
tions aoon reach practical equihbnum. 
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Regeneration of the cyanide usually lost as a solvent has proved an attractive 
field for invention, but so far Ims met with comparatively little success. The 
following lines liave naturally suggested themselves. 

' 1. Precipitation of precious metal ^by a metal bimultaneously regenerating NaCN, 

such as Na directly, or A1 indirectly, Zn itself has some effect, as its double cyanide is a 
feeble solvent, renliered more active by the presence of free alkali. Electrolytic 
precipitation may be included here 

2 Oxidation of HONS to HCN + HO, or of NaCNS to yield NaCN -f SO«, the 
latter with alkali forming sulphate This may be effected by electrolysis or by certain 
oxidizing agents, but the yield has always been disappointing, owing to decomposition 
of the product In t his connection reference must be made to the Clancv project. 

3 Neutralization or a(idificati(«i of solutions, on the one hand, yielding insoluble 
cyanides (CuC’N AgCN, Zn(CN) 2 , CuCNH, AgCNS, occasionally fcrrocyamdcs), and 
on the other, liberating II CN The precipitates must be separated to recover Au, Ag, 
and part of their contained C’N by suitable means, the IICN may bo removed at least 
partially from the solution by heat, by passing a (urrent of air or gas, or by applymg 
a vacuum as in the (^rowe pux < ss Gaseous HCN thus liberated muy be absorbed in 
a suitable alkilino solution to foim NaCN or Ca(CN) 2 , or the HCN m solution may 
be fixed by addition of alkali 

The generil i(le« has been to operate upon “fouled solutions" or on the “low 
solution" norm illy and umuoidablv thrown away daily in soim form The low 
concentiation of solutions m gt rural use has militated against Uu completeness of 
picdpitation ind volatili/ution 

Filter Cloth. Many vaiietios of riltor cloth have been used in cyaniding ore, 
precipitation with zjiu dust, and handling acid-troatrnent liquors Cotton 
cloths of all the three (oniiiion weaves- plain canvas with single or double thread, 
twill, and sateen— ha\( been found satisiactoiy when the weight of material 
selected is suitable foi tlu pressure and conditions of use The more eomplicated 
weave known as diaiii doth seems to hav(‘ no sufficient (superiority to justify its 
price Paper is not genoially to be n^eommended. 

Foi precipitation it is convenient to use one of two systems (1) a fairly heavy 
cloth bscking, coveied with light donustu " or twill, tlie latter to be removed at 
each clean-up and buiiicd, or washed and nused once or twici , or (2) two laycTs of a 
medium-weight mite rial, tlie outer to be removed at eJe'an-up and either burned or 
w ashed for reuses w hem i ee lothing, a new e>r washed e loth is put ne xt t he plate and the 
original undercloth replaced above it Oe casionaJly thiee eir four thie'knesaeb of very 
light material have been used, the oute r layer being taken off at cloau-up and a new one 
placed next the plate 

For filter botteims of leaching vats a heavy canvas (sue h as No 8 or 10-oz duck) la 
desirable, and will last one to two years It may be ae id ticate^d m place if the usual 
accumulation of calcium carbonate checks the leaching rate de*cide‘dly A similar 
cloth may be used in filters of the Moore and Buttems types, for shnie presses a similar 
heavy canvas may be covered with a liglit or medium twill Thcjse may similarly be 
acid treated by using hydrochloric acid, so highly diluted as to avoid attacking the 
iron frames 

The nominal “ounees" rating of canvas refers to the weight of a running yard of a 
standard width of 22 in , the “ounces" may be read directly by noting the weight in 
grams of a sample cut 4 by 7 in (28 sq m or 180 sq cm ) The “number" is approxi- 
mately oVjtamed by subtracting the “ouiic es” from 19 Thus if a sample of duck, 4 by 
7 in., weighs 9 g , it indicates “9-oz." duck, or “No. 10 " Figures thus determmed 
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usually agree within one unit with the commercial ratings, but driers occasionally 
apply the ounce rating to the square yard, making the nominal weight about 60 per 
cent too high. The present tendency is to specify weight per square yard, irrespective 
of the actual width of fabric. 

MODIFICATIONS OF THE CYANIDE PROCESS 

Bromocyanide Process. — This depends on the reaction : 

BrCN + 3NaCN + 2Au = 2NaAu(CN)2 + NaBr 
the BrCN being added as such, or obtained from bromide and bromate: 

2NaBr + NaBrOs + 3NaCN + 3H2SO4 = 3BrCN + 3Na2S04 + SHaO 
The bromocyanide process has been used in Western Australia, and to a limited 
extent in Canada and Colorado. An excellent fesum6 with bibliography is given 
by Stevens and Blackett.^ Bromocyanide can be used to advantage only on two 
classes of ore: (1) Ores containing minerals such as telluridos, more soluble with 
this reagent than with plain cyanide; (2) ores requiring rapid dissolution of gold 
in order that other substances in the ore shall not have time to dissolve and foul 
the solution. A preliminary treatment with plain cyanide is always advisable. 
No appreciable amount of free alkali must be present. Br('N itself decomposes 
rather rapidly in solution and also induces wastage of NaCN. BrC'N is itself 
rather expensive, and so arc the mixtures from which it may be prepared (lir + 
NaOH + NaCN, or NaBr + Nal^rOs + NaCN) and the mixed salts” used for 
this purpose are liable to decomiK)sition in storage. Cyanogen chloride cannot be 
substituted, and ICN is too expensive. 

Gitshaxn Process. — Free IK'N in presence of oxygem has a slight solvent 
action on gold. This process proposes to use feebly acid solutions, especially for 
ores containing antimony, copper, and other base metals. The effluent solutions 
are to be neutralized by lime before precipitati<m by zinc, and reacidified with 
addition of enough alkaline cyanide to bring them up to suitable strength. 

Gilmour-Young Process. — This system was devised at a Nicaragua mine to 
utilize the existing Boss process pans for cyanidiiig rich ore. Copper amalgam was 
made by treating mercury with copper sulphate and iron filings, the squeezed 
product carrying about 15 i>er cent copi)er; zinc amalgam was sometimes added. 
A charge of dry ore was ground with cyanide solution, and about 200 lb. of mer- 
cury for 2 hr. ; 30 lb. of copper amalgam was then added, and the whole ground 4 
hr. longer, when the mercury was separated. The squeezed amalgam was 
enriched by rep<»ated use and finally retorted, yielding bullion 700 to 750 fine. 

Diehl and Marriner Processes. — These were evolved to treat the rich telluride 
ores of Western Australia. The Diehl process consists in wet crushing, sliming, 
and treatment first with KCN and then wdth BrCN in agitation vats and filter 
presses. The Marriner system involves dry crushing, roasting, amalgamation, 
and treatment of the roasted ore by jiercolation or by fine grinding and filter press. 
There were many modifications of each system in use; the results and costs did not 
differ greatly, as the cost of bromocyanide in one case offset that of roasting in 
the other. With the wet process concentration was often practiced, and the con- 
centrate roasted preparatory to cyaniding. 

The Usher process was an African slime method in which, after one stage of 
agitation, solution was introduced by multiple pii^es over the bottom of a flat 
or cone-bottomed tank, and the upper clear portion continuously decanted for 
ifranB, I. M.M., %% 280 . 
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I^cipitation. Hndly the slime waa allowed to settle as usual. In one modifiea* 
tion of the process umber, containing manganese peroxide, wad used as a|^ 
oxidizer. 

The Denny desulphurizing process is used at the Nipissing Mine, Cobalt, to 
prepare silver sulphide ores for cyanidation. By grinding them in tube mills 
with ingots or slug;s of aluminum and caustic soda, all silver minerals are decom* 
posed, except dyscrasite, yielding metallic silver which is amenable to cyanide. 
At the same time Na 2 S is formed, which can be used as a precipitant. The proc- 
ess is completed by agitating the pulp 12 hr. in a tank lined with aluminum plates^ 

Antidotes to Cyanide Poisoning. — The following materials should be kept at 
every cyanide plant and laboratory; sets should be placed at convenient points on 
every floor at which solutions aro handled. 

One sealed bottle (preferably a quick-opening ^‘citrate of magnesia’' bottle with 
rubber gasket), containing 1.5 g. of caustic soda (NaOH) dissolved in 300 o.c. of water. 

One sealed bottle (preferably a 2-oz., wide-mouth bottle with large projecting cork), 
containing 7..5 g. (}^ oz.) of ferrous sulphate crystals dissolved in 30 c.c. (1 oz.) of 
water. This water should be freshly boiled, and the vacant space in the bottle filled 
with carbon dioxide or liydrogen, to prevent oxidation ; the cork must be completely 
covered with melted paraffin or sealing wax. 

One corked tube containing 2 g. of finely powdered magnesia. 

A large cup, of at least a pint capacity, preferably of white enameled ware, which 
will hold the three previous items, together with a spoon or flat stick for stirring them. 
When required, the ferrous sulphate is to be poured into the cup, followed by the soda 
and magnesia, and the whole well stirred and swallowed; no time should be wasted. 

It is desirable to add a rubber stomach tube and a wooden gag, so that the antidote 
may be poured into tlie stomach of an unconscious patient if necessary. 

These materials should be kept in a glass-fronted cupboard, easily accessible and 
conspicuously marked, and all foremen and shift bossea fully instructed in their use. 
The soda requires renewal after 2 or 3 years, as it slowly attacks glass. The ferrous 
sulphate also oxidizes slowly, but a small amount of yellow deposit may be ignored, as 
long as the solution remains strongly green. 

The above is known as the Martin antidote, and was developed by Dr. C. J. Martin 
and R. A. O'Brien, of Melbourne, in 1902. Variations of the outfit have been put on 
the market by different dealers, but the equipment can be easily prepared at any 
laboratory. The essential reaction is the formatioti of ferrous hydroxide, avoiding any 
excess of caustic soda, and conversion of the cyanide into harmless fermeyanide. 

Among other remedies that have been suggested are: hydrogen peroxide (2 per 
cent solution used hypodermically and as a stomach wash), cobalt salts, adrenalin, 
sodium cacodylate, and silver nitrate (dilute solution followed by an emetio of salt 
water and mustard). 

Plant Precautions. — An eczematous condition of the skin may be caused by 
long contact with strong cyanide solutions. This should be avoided at clean-ups 
of zinc boxes by greasing the hands and wearing rubber gloves in handling wet 
shavings; it is unnecessary to handle solution at other times. 

Zinc shaving and dust, and aluminum dust, are decidedly inflammable. Caustic 
soda falling on zinc dust reacts with evolution of enough heat to ignite the liberated 
hydrogen and cause the zinc to smoulder. Extinguishers of the carbon-tetrachloride 
type must not be used on zinc-dust fires, as the reaction (Zn + CCI 4 ) yields various 
irritating gases. 
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1 1 <» 5 1 l(»w shell ^ iihi mine New Zoiliirid 

(1 or lull r flow sheet see ( Aiti I ss N Tmns I M M 24, K)() ) 


400Ton5 daily moinly silica w +h 
20 calc lie and A 92 ^ 



Bars Ag 920 950 
Au 5 


Fio 6 — Flow sheet San Rafael mine 1909 
(See Girai Li h Cyanide Praitiie in Mexico ) 
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The reaction of acids with zinc precipitate yields, beside H, more or leas H|S and 
HCN, but a greater source of danger is the occasional presence of arsine (AsH«) in the 
gases liberated. This has been the cause of several deaths, and during acid treatment 
the gases should be carried off by a fan. 

Typical Operating Costs. — The following are examples of costs of milling and 
cyanidmg in van<jus parts of the world. Comparisons are not of great value, 
being so largely influenced by local conditions, cost of transporting supplies, 
available power, etc , as well as the character of the material treated. In 
general, low costs are only attainable in the case of plants treating large tonnage 
without interruption. Daily tonnage is quoted where possible, and costs given in 
dollars per ton milled 


Treadwell, Alaska, 1908 

Milling, concentration, amalgamating 0 25 

Concentrate treatment at smelter 0 14 / 

1910 to 1911, Milling and ( oncontrating 
Wasp No 2, S. D , 1910, 400 tons, gold S3 per ton, OS per cent. 

Dry cnishing (rolls) and cvanidmg direct 
Korea, 1910, 800 tons 
St imp mill 0 58, cvaniding 0 18 
Mysore, India, 1923, gold $10 per ton, 97 per cent 
Milling, 0 42; tube null and classifying 0 26, eyamding 0 36 
Waihi, New Zeahind, 1910 to 1912, crushing in cyanide with forty stamps, 
tubt's Pachucus, ar d falters ot Moore type 
Homestake, S D , 4,200 tons gold $4, 94 per "ent. 

Milling 0 30, classifying and evaiiiding 0 20 
Elko Prince, Nev , 1917 60 tons, hiher-gold 

All-sliming and eouiiteicuriont dec intntion . . 

United Eastern, Arizona, 1917 to 1918, 250 tons, gold $10 
Hand, South Africa, 1906, average* of several plants 

Milling 0 75, cyanidiiig 0 33, meehanieil Jiaiidhng 0 14 • 

Porcupme-C'iown, Ont , 1914, 130 tons, gold $20, 96 per tent 

Milling in solution, amalgamation, countercurrent decantation .... 

Hollinger, Ont 

Milling $0 40, daswfving and cyanide $l 

Nipissing, Ont , combined high- and low-grade nulls, 

2 6 tons at 2,600 oz Ag, 99 per rent 
250 tons at 26 oz Ag, 92 per cent 

Milling 0 67, cyaniding 2 08 

Tonopah, Nov , sihcr ore 

Milling and cyanidmg, average 5 mills 

Colorado, 1914 to 1915, 500 tons gold $4 

Millmg, concentration, cyanide ' 

Western Australia, 1906, plants of 200 to .500 tons, tellunde ore, gold $10. 
Roasting, fine-gnnding, eyamding, filter press, average about 
Raw treatment with cyanide and bromocyanide, average about . . . 

Mexico, mainly silver ores 

Montana, 1901, 400 tons silver-gold tailing; cyanidmg only 
Treadwell, Alaska. Cyanidmg concentrate, 1914, per ton concentrate 


$0 39 
0 18 

0 65 

0 76 

1 03 

1 51 

0 50 

3 02 

2 17 

1 22 
1 23 
1 40 


2 75 

3 00 

1 57 

3 00 
3 00 

1 50 
0 65 

2 75 


While the general tendency of recent metallurgy is distinctly in the direction of 
eyamding in preference to other methods, and towards all-slimmg snd milling in solu- 
tion, examples are not wanting whu h illustrate other methods and variations 



1042 


IfON-FERROUS METALLVROY 


Two irecc^ntly equipped silver mines, the Betty O’Neal (Nev ) and California Rand, 
have adopted concentration and flotation, although experiments with cyanidation are 
said to have given excellent results Comparative nearness to a smelter no doubt 
turned the scale 

The 200-ton Argonaut mill at Larder I^ke, Ont was changed from amalgamation 
cyanide to concentration fibtation, influenced probably by the presence of an appre- 
ciable amount of copper in the ore ^ 

The Tomboy mine, treating a gold ore containing galena and blende, was long 
operated by concentration, amalgamation (plates and Pierce amalgamators), and 
( yaniding, but finally abandoned cyaiiiding m favor of flotation. 


Ore 



^ Ball MJ! , 
crushing m solut/on 

Dorr Classifier 
in closed circuit 
withy 

Tube MU 

Alien Cones 
Dorr Thickener 
Forbes Peroxide Feeder 
Dorr Agitators 

Dorr Thickener 
Dorr Agitator 
Dorr Thickener 
Dorr Thickener 
Oliver Filter 


1 10 7 llowMhcot Tec k-HliKhm nnli Cobilt Ont 
(Sec JoKBiuB I) L H brjQ Mm four P 116, 440) 


Aloska-Gostineau, treating an extremely low-grade gold on containing galena and 
pyrite, operates on a very large scale by roll crushing and ( omparatively coarse stage 
concentration, the n< best gold-lead product being crudely smelted and the remainder 
shipped to a smelter 

Alaska-Gastmeau Company.^ — Ore largely quartz with little blende, galena 
arsenopynte, pynte, pyrrhotite, Au 0 06 oz and Ag 0 1 oz per ton, free coarse gold 
mainly at contact of sulphide and quartz, silver with gold or galena Slime of ver> 
low value Regrmding p>ritic concentrate liberates gold and pyrite can be dis- 
corded About half the recovered gold is obtained in lead bullion Mill embodies 
roll crushing (7,000 tons daily m 1917), Janney classifiers, and stage concentration 
> Davblsk Trans A 1 M £ , U, 488 




HrmOMETALLVmr of QOhi> Am SilVMX 


m» 



Orefffff 

f20Sfefmps iSSOlb 
JSOOhtrs dady 

Dfsfnbidtny Sumps 

G Gravdy Cones 7ff€S^ 

Rod Mills SxlO*f 
tn dosed circwi wtHt 

£ Dorr Classifiers 
GAmaly Plafos fx 7ff 

tZAmaIg Plate Tables 
9x24 ft 

4 Gravity Cones 7HGS^ 

I Dorr Classifier 
48 Gm 22' 6" 

ZTube Mills Sx 14 ff 


ZAmaIg Plate Tables 
9 1 12 ft ^ 

8 Gravity Cones lOftSO^ 

8 Q^avdy Cones 7ft SQ^ 

S Oravf ty Cones 7ft SO ^ 
10 Hydraulic Cones 4 ft 70^ 


Jia 8 — Flow sliced South null, Homoatakc MiniiiK f o , Loud, 1), {A J Clark ) 
(For cyanide treatment see Figs 14 and 15 ) 
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Vats 


r 

A 

y 

^1 




I 

* 4 - 


Tubemillsand 

Classifiers 


--Crusher 

--Sampler 


M Ore Bins 
XScales 


Cyanide 
Amalgamahonj^' 

Amalgam Bags 


I Cuanidc Vats 
^ (7-13x34') 


Vacuum 

'Filter 


Pregnant 

+*SolutionVat 




Precip Presses 
AlDuft- 


jRefinery 

i« 


4 


Solution 

Vat 


i 


4CyanideVats 

4VflcuumFilteri 


Silvan Bullion 
997-999 fine 


^Vb 

I -- "tSi 

L Refinery 


Pregnant 

4Solution 

Vat 

Precip Boxes 
|2n Shaving 

Barren 
ijljiitigilVat 


Discharged Residue 
To Dump 

Fid 0 —Flow shoot, NipissinK Mining ( o’s Mil). 
(See Johnston, J , Trans \ I M E , 47, .'j ) 


irqc 

Sold for Cobalt Values 
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Or^ 

hrts ifatly 

f 0ri7ilu 

fhe C^rse 
7BT5^ 

Crusher 


One of fwo 40-sfampmtff5, 

7SO fb^SBdropSj wafer ref to 
^9fo/fs per ^mpdatly, 30-mesh 
70% sane $036 
B3%s//m€, *200 

7% concentrate 
Totai extraction 

1 Passador /s a smalt blanket table f>r further 

concenfrahny product of blanket strakes 
Amalgamated copper plates were 
discarded on account of Sickentrtg of 
mercury by Bt and Te present 

Bateas are hand operated 


Sh/ne 

llkckening Spitikost^ 



ihicKeninq 
Basket Filter, 
Treatment 
Basket Filter 
(Moore Tijpe^ 


1 i(» 10 rinw slioet Pass iKC Til nil)] Oiiin Prop) Hr i/il 
(Sto Itj-NSUhAN, A T 'Iran 1 M M 20, 27 ) 


900 Tons Ore per Day ^ — 

[stamps I j ^Toris Returned 



Tube Mill Pulp hi 
Classifiers , Cyanide 
IGJOTonsSoIids Plant 
'rOay 



Blankef 

Tables, 

S'lio 
1134 Sf ff 

f Corduroy cardlrcv SIcurMs 
Grade 13 IT* washed every 4 hours 

2 -Washing Boxes, 

6r3'Mwifh ' 
washingshelfof 
% m mesh screen 

I Wilficy 


Return 

Classifiers 





Tailing to Circu it 


2Amalqqm \ 

Barrels I , 

2U4' 26\RrM Cyamdmg Batea Tads 

Amalgam ll Brown Ag i to tor Etc 

Press Retort, W 

Etc ^ 


Fig 11 — Flow shoef — rorcluix)\ blanket ModclorfoiOem Fast, 1023. 

(Ree WABTLNWEjifR, F, Jouv C M M hoo S<j Afr , Feb, 1023 ) 
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on Garfield and Wilfloy tables, tmhng discarded Pnmary concentrate retreated m 
two milts, each with twelve Wilfleys 


Lead concentrate retreated on 1 Wilfley 

Middling Janney classifier, 
tube mill, Wilfleys 

r 

Gold-lead concentrate, 
melted with non 

Rich-lead 
( oiK entratc 

Second lead 
(one eutrate 

Pyritic 

tailing 

Gold-lead 

bullion 

Matte 

Shipped 

i 

AuSlOO-SSffO 
Pb 50 per ( ent 
Shipped 

Au $400 

Pb 40 per ( cut 
\g 50 0/ 
Shipped 

Au $1 


0 uari 2 <ahfe ore mfh about loz gotd per fori practically rrosiher Telsmifh gyratory crush^ 

Two 64 /t Marty mills with Dorr classifiers m dosed circuit 

Two Sit6ff Allis Chalmers ball granulators with Dorr classifiers m dosed circuit 

Six 40m 14 fi^ oneSOnStf Dorr thickeners ^even D4 m l^tf Dorr agi tafors m senes 

Sodium cyanide 012% n No I thick ener^ 0 IS lb per ton added to No Z agitator 



Thickener No 
$oIuhon Rat o 
(bold dis olved 
per ton Ore 

(bold par ton 
of Solut on 
Theoretical 
Actual 

NaCN lb per ton 


1 

( Aqitatorti) 

2 

3 

4 

5 

6a7 

NO 

no 

I0&5 

1 10 

(17 

104 

065 

1^1000 

1030 

20 c 

Ic 

4c 

2c 

3c 



397 • 

104 

0?9 

027 

020 

$(i22 

- 

585 

178 

055 

040 

0Z& 

142 

- 

150 

135 

127 

090 

0 00 


The theoretical dissolved loss is ^OH per ton ore actual hss ^02IS This seenrs high but nearly hatfofftus 
IS returned from dam aswa h A final rotary filter would reduce this materially 


Fig. 12 — Flow sheet, United Eastern 263-ton mill, Arizona 
(See North, W O , Tram A 1 M E , 63, 548 ) 


Treadwell Group, Douglas Island, Alaska. — The ore, averaging a little over $2 
gold per ton, was erushed in several mills aggregating 900 stamps of 1,020 and 860 lb , 
< rushing about 5,000 tons daily througli diagonal slot sereens (*qiiivak*nt to 18 mesh. 
Each five-stamp battery ns as followed by 45 sq ft amalgamated copper plate and twd 
Prue vanners Tailing averaged about 20 cents, half the gold recovery was from 
plate, and half from coneentiate, the latter was formerly treated by chlorination, but 
later shipped to a smelter. 
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Later amalgamation was abandoned, the pyritic concentrate (9Q tone daily eaity'^ 
ing about $60 worth of gold per ton) was ground to 200 mesh by 5 by 22 ft. tube mills 
in closed circuit with Dorr classifiers, neutrahsed by lime, dewatered in Callow cdnes^^ 
and cyamded by agitation and repeated decantation m Paohuca tanks, 10 by $0 ft.» 
residues filtered in Kelly pressure filters, solutions clarified in a special press and pr^ 
ripitated with zinc dust in Merrill presses. 

The countercuirent principle was apphed to the treatment; barren solution was 
used for the last agitation and successively used until the decantate from a first treat- 
ment carried about $10 per ton, at which stage it was precipitated. 

The densely packed, settled concentrate (specific giavity, 4 6 to 6) was success- 
fully agitated by means of a spider supplied with compressed air and encircling 



1 lo 13 ■ - LeachiiiK effluoat uaiforin hue dim stiul Mornain Mining ( o , MarysviUp, 
Mont Six* MpRitiLi ( W , hnu Mm lour 65, 4.'>9 


the central agitation column ot the Paihuca tanks’ ( yaniding the concentrate 
yielded 96 per cent at a cost of $3 25 per ton, against a total chatge of $11.95 per ton 
for shipping and smelting 

Waep No, 2 Mill, South Dakota — The ore was a porous, oxidized quartzite" 
(sihcified sandy dolomite) requirmg little stripping, and containing no cyanicides, 
carrying about $3 worth of gold per ton. It yielded $2 by leaching, at an operating 
cost of $1 equally divided betwet'n mining and milling The equipment was One 
No. 6, two No. 4 Gates crushers; four sets 14 by 36-in rolls; screens with 4-mm. 
openmg ; six leach ng vats, 32 ft in diameter by 12 ft , holding 490 tons each. The ore 
was leached with 120 tons of strong solution (0.25 per cent KCN) and 350 tons of 

1 See Kinzxs, Trann A I M £ , S4, 334, Lass, Tram A I £ 4% 785 
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w«ak solution (0.125 per cent KCN) and 60 tons of wash water; precipitating in *ino 
boxes 520 tons effluent, or 1.3 tons per ton ore; bullion fineness, Au 325, Ag 660. 
The residue was discharged by shoveling through bottom doors, and trammed to the 
dump * 

Interimtteni Decantation (Treating Accumulated or Dam Slime). — The material 
treated was a readily settling mixture of slime with extremely fine sand, from a settling 
dam, and contained approximately 20 per cent moisture. Thh tabulation shows 
average results for gold only for a month’s treatment; the jiercentage of silver extracted 
was about 66 per cent of the gold figure. Treatment was completed in the same vats, 
which were 42 ft m diameter, with a central agitating shaft. 

Period, 48 hr.; charges, 133 dry tons each; solvent (2 5:1), 333 tons (160 tons 
storage solution, 33 from moisture, 160 “wash ” from preceding charges) originally 0 05 
per cent KCN. At stages I and II the volume def anted off was exactly replaced by 
“wash^’ or water, and mixed by stirring with agitator and air 


Pe- 

riod 

Montana Mining 
Co , slime plant, 
hours treatment 

Hours 

aet- 

thng 

Tons 

dc- 

(antrd 1 

1 

Ton* 
dprauted 
per ion 
Nuhd 

Percent 

decanted 
of total 
Hulvent 

Dec intate 

Gold 
per ton 
of do- ' 
cantatc, 
cents 

Gold de- 
canted 
per ton 
of dry 
slime, 
cents 

I 

7 loading and mix- 

m 

215 

1 60 

64 

f Precipitated 

59 

94 


ing 








II 

2 stirring and refill 

11 

202 

1 52 

60 5 

11 Prfcipitated 

30 

46 

III 

3 stirring and refill 

8 

IK'S 

1 39 

55 6 

III Carried o\«r 

21 

29 

IV 

2 discharging 





us wash to next 
charge 




The gold value per ton of cliarge was $2 20; the value per ton of residue, 66 cts ; 
calculated extraction, $1 54 = 70 per cent; calculated precipitation, $1.40 = 63 6 
per cent; actual gol^l nvovered, $1 50 = 68 2 per cent. 


When 

duMolved 

Calculated loss of gold actually 
dissolved iii above case, tier unit 

Re< ovory of 
gold actually 
dissolved, 
per c< nf 

Rccovt ry if 
50 per lent 
decanted at 
each stir 
per cent 

Recovery if 
40 per cent 
decanted at 
each stir, 
per cent 

1. First stir 

1 

0 36 X 0 39-) X 0 144 * 0 063 

91 7 

87 5 

78 4 

II Second stir 

0 395 X 0 144 =0 175 

82 5 

75 

64 

HI Third stir 

0 444 + (0 063 X 0 - 0 4s' 

52« 

43 75« 

37« 


* Homewhat lucrcaaed lu pructx o by rcc ov< ry of u portion of tht. •iiolution from period 111 by pumping 
back from residue dam 


MINOR AND OBSOLETE PROCESSES 

Chlorination Process for Gold. — Tliis was based on the fact that chlorine, in 
the presence of moisture, converts gold into the trichloride (AuCh), which is 
soluble in water and removed by washing; the gold being then precipitated by 
ferrous sulphate, sulphur dioxide, hydrogen sulphide, or charcoal. Coarse gold 
requires long contact and should be removed by amalgamation. Pyritic ore or 
concentrate requires a dead roast before chlorination; thoroughly oxidized ore 
may be treated directly. Basic ores — containing lime and especially magnesia — 

1 See SuiUQNB, Jaass, Fnff Aftntnff J , July 29, 1911 , M\n%no Eno, Wortd^ Jan 4, 1913. 
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absorbed much chlorine and might become heated. This was checked by tpest* 
ing with a high temperature at the finish, to frit the magnesia with silica. Ohlo« 
rination was suggested by Percy and by Plattner mdependently in 1848. 

The Deetken or Ccdiforma process was earned out m comparatively small wcMcdeil 
vats with bottom filter of perforated boards, resting on slats and covered with coarse 
gravel and sand , a vat 8 ft in diameter with 3-ft staves v ould hold about 3 tons. The 
crushed and roasteS ore was loosely charged by sifting in a moist condition to farili* 
tate leaching, a cover was luted on with clay oi dough, and gaseous chlorine gener- 
ated in a lead vessel from manganese dioxide, salt, and sulphuric acid was admitted 
by a lead pipe to the bottom until it could be detected at a hole in the cover. In later 
practice, liquid chlonno was purchased in steel cylinders After 12 to 36 hr contact 
(adding more chlorine if necessary), w ater was turned in at the top, any chlorme escap- 
ing at the bottom pipe being led t8 another vat The yellow solution was run to the 
precipitating vat and the charge washed until the effluent was colorless The residue 
was then shoveled out, if much silver was present it was transfened to another vat 
and leached there iMth hyposulphite solution Some ores, rich in silver, were first 
leached with hyposulphite and then (hlonnated 

The barrel process, used on a large scale in Coloiado, involved the rotation of the 
ore m barrels of wood or heavy, lead-lined steel, holding h to 25 tons, while chlorine 
was generated under pressiiic iii the mass by means of bleacliing powder and sul- 
phuric acid Barrels wore often built with an internal filter on one side, consisting 
of pebbles or eoarso sind confined by slotted boards and a perforated lead plate 
After 3 to 6 hr watei under 20 to 40 lb pressure was admitted by a trunnion and 
washed the charge in 1 to 2 hr A ton of ore would us( at least 10 lb of bleach and 
15 lb of sulphunc acid The ore wis 'hnrgul dry from a hopper and discharged by 
sluicing through manholes in the side 

The MunkiiU proc( ss consists in leaching the ore with two solutions, one of bleach- 
ing powder, the othei sulphuric acid, which mix at Iho time thev are applied At Mt. 
Morgan, Queensland, a solution of (hlormi in water was similarly used, 100-ton 
charges of ore being Icaehcd in rectangular concrete vats, 60 by 12 by 5 ft , lined with 
pitch, and provided with bottom filters of sand resting on perforated planks and 
joists, 'rhis was superseded by the pcnningaiiatc-chlorme process 

The Block-Etardj oi perm inganate, pioeess emiiloys long eontaet with a solution 
of potassium pc rmsnganatc, s ilt, and sulphunc add (about b lb , 120 lb , and 140 lb 
to 5 tons or 1,000 imp gal of water) the color indicating its strength The original 
Etard formul i used permanganate and hyclrnc hlonc acid 

The Mears process is b«irr( 1 ( hlonnation in w I ik h gaseous chlorine is jmmped Into 
the charge under its own pressure Thus first employed bleacliing powder and 
acid to produce the pressure Newbery and \autm used air pressure to accelerate 
the action of the chlorine, and the PoJlok patents specify water pressure Ankeny 
used the more expensive bromine in jilac » of, or in conjunction with, chlorine Many 
other early patents dialing with (hlonne and bromine are described in O'Driscoirs 
“Notes on the Tieatment of Gold Ores * ^ 

In California, precipitation was usually effected b> ferrous sulphate, made by the 
action of sulphuric acid on scrap inm Sulphur dioxide was commonly used in con- 
junction with the Colorado barrel process, generated in iron retorts liom sulphunc 
acid and sulphur or charc‘oal, or hydrogen sulphide, and sawdust filters Charcoal 
was used as precipitant at Mt Morgan The solutions were usually passed through 
boxes filled with scrap iron to precipitate copper or silver before being discharged 
Roasting was usually effected in California by hand-rabbled, wood-fired reverbera- 
tones; elsewhere m White-Howell or Brtickner cylinders. Pierce turret furnaces, 
Merton or Edwards furnaces, etc At Mt Morgan the Richards furnace was used. 
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cascading the ore from successive shelves. Residues from pyritic ores were often 
ground for paint. 

The Patera process utilizes the solubility of silver chloride in solution of 
sodium thiosulphate (Na2H2f)3.5H20, the hyposulphite of photography) and 
precipitation of silver as Ag 2 S by Na 2 S. This was suggested by Percy and first 
applied by von Patera at Joachirasthal in 1858. 

The ore is roasted with addition of salt (4 to 8 per cent), part added near the 
finish; the hot ore is wetted and allowed to stand some hours to favor chloridizing of 
the silver. It is then leached in wood vats with warm water to remove base-metal 
chlorides which also dissolve a little AgOl. Hyposulphite solution is then applied 
and finally wash water, and the effluent run to ‘^base metal” tanks until a trace of 
hypo is found, then to the silver tanks. The base solution may be precipitated by 
Na2S, or Ag may be thrown down by cement copper, and copper by scrap iron, or 
iron may be used at once. The silver solution is precipitated by sodium sulphide, 
carefully avoiding an excess; after separating Ag2H by settling or filtration the solution 
can be used again. 

A suitable solvent is 0.5 i»er cent of crystnllized Na2S203.5H20, but up to 2 per cent 
may be used in abs('iic(* of base* metals; 1 t(»n of 0.5 per (‘ent solution dissolves 30 to 
40 oz. of silv<‘r. It also diHsolv<\s PbH04 and PbCla; adding Na2(^03 then precipitates 
PbCOj. Sulphates retard solution of silver, free alkali is more prejudicial. 

Commercial sodium inonosulphide may be used as precipitant, or a polysulphide 
(Na2S4 or Na286) may be made by heating caustic soda with sulphur (see under 
Kiss Process). 

The vats used w(‘re generally small, occasionally up to 25 or 50 tons capacity. 
The precipitated sulphide was usually filtered in conical canvas bags hung on iron 
rings in a frame; a filter press was sometimes used. The dried precipitate was some- 
times refined by charging upon fused lead on a cupel, or might be smelted with lead 
ores. 

The Kiss procestk nominally substitutes calcium thiosulphate and sulphide for the 
sodium salts used by von Patera. The precipitant is usually made by boiling lime 
and sulphur by means of steam, yielding polysulphidc and thiosulphate: 

3CaO + 128 = 2CaS6 + CaSaOs. 

The precipitated Ag2S is therefore mixed with excess sulphur and thiosulphate 
added to the solution. Starting originally with Na2820j tliis would gradually be 
replaced by the ealcium salt, but part of the calcium is usually precipitated by sul- 
phate.s as Ca8()4 and additional sodium is intrfiduced from salt in the charges. About 
3 lb. of lime and 2 lb. of sulphur with a ton of water would make enough precipitant 
for 50 to 100 11). of silver. 

O .Hofmann .states that, with ores containing little or noC'u, the per cent of silver 
chloridized may be increased by using C11CI2 (or a mixture of 3 to 4 lb. bluestone and 
0 to 8 lb. salt per ton of ore), added by degrees to the preliminary wash water. 

In the Russell process^ it is claimed that a treatment with ‘‘extra solution” con- 
taining some CU2S2O3 (prepared by adding bluestone to thiosulphate) extracted addi- 
tional silver and was much more effective in dissolving gold. 

The Augustin process consisted in giving a chloridizing roast to silver ore or matte, 
and leaching with a strong solution of common salt which dissolves silver chloride 
to a limited extent. The silver was then precipitated by metallic copper, and the 
copper by scrap iron. The cement copper was then melted and granulated for reuse. 

The Ziertrogel Process. — Argentiferous matte was roasted to form sulphates, 
cautiously raising the temperature to decompose those of iron, copper, etc., while 
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Silver sulphate remained unchanged^ and was leached out by hot water. The process 
was also applicable to ore 

Silver sulphate (Hofman and WanjukofP) begins to decompose at 917**C, and is 
completely reduced to metal at 923, copper sulphate, stable up to G63 is completely 
eonverted into CuO at zinc sulphate at 767, ferrous sulphate passes into basic 
ferric sulphate between 167 and 480®, while ferric sulphate begins to dissociate at 492 
and IS completeH converted into Fe20j at 560®C Agi &04 dissolves in 180 parts of cold 
or 90 of hot water, and is much more soluble m hot, dilute sulphuric acid, m either case 
it IS precipitablc by copper, iron, or sulphides 

In (he Claudel proass, the product of a chlondizing roast of copper pyrites was 
leadied with solution of sodium and feme chlorides, which dissolved AgCl, CuClj, 
and some PbCb By addition of Znia (or Nal) silvci was thrown down quantitatively 
as 4gl, together with some Cul imd Pbl 2 and any gold which may have dissolved 
The precipitate was separated, washed, and ic»duced with metallic zinc, yioldmg 
spongy silver and a solution of Znl 2 , which was used again as piecipitant 

Or, by digesting the precipitate of Agl, etc , with sodium sulphide, Ag 2 S was formed 
and NttI regenerated as a precipitant 

Gihb s process was similar, but employed H 2 S gas as a precipitant, until about 6 
per cent of the Cu was precipitated, which insured all the silver being thrown down 

SIIVER AMALGAMATION 

The Patio process was originated by Bartolonu? de Medina about 1557, for 
the rich silver ores of Pac huca, and was widely used 111 Mexico and in South Arnen- 
( dll c ountries This process is desc ribed at length m Chapter XXXIII, “Chloiine 
in Metallurgy.'' 

The PaUo process wis worked for some tune m Nevada on Comstock ore, but 
failed ow mg to chin itu conditions, and this led to the adoption of the Washoe dr pan- 
sin dgamation process 

The Washoe process, or pan amalgamation, was developed at tlie Comstock 
mines, Washoe C()unt> , Nc vada the cue being stamped dry or wet, and the pulp 
treated in bate lies, usually three per pan daily The pans differed greatly in 
detail, having cast-iion bottoms with wood staves or sheet-iron sidc^s, and a cen- 
tral cast rone tluough winch lan a \eitical shaft carrying a inullcr with cast seg- 
mental 'ihoes, similar cast-iion dies were attached to the bottom Means for 
raising and loweimg the muller were provided by threaded handwheels forming 
lock nuts at the top of the shaft, or by carrying the step bearing of the shaft on an 
adjustable le\ei Thn^e curved iron wings were usually fastened to the sides or 
hung fiom the wooden cover. A steam chamber was often provided under the 
pan bottom 

The charge was usually 1,500 to 3,000 lb , but might range from 800 to 6,000 A 
batch of pulp was run in, after thickening m a wooden tank if wet crushed, the muller 
was lowered and the charge ground 1 to 3 hr , steam bemg admitted to the false 
bottom, or run directly into the pulp by a hose Meicury was then added, at least 10 
per cent the weight of the dry pulp (often 300 or 350 lb altogether), the muller raised 
clear of the dies and run 3 or 4 hr Chenne als were generally «idded w ith the mercury, 
usually copper sulph ite and salt, bometim<*s sulphuric acid or metallic iron, though the 
iron was often deiived from the wear of the pan c astings 

The pulp was then thinned with water and run to a shallow separator or settler 
with vertical shaft carrying four arms with non or wooden ploughs Here the 
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bulk of amalgam and mercury separated and were drawn off at a siphon tap. In some 
cases this stage was carried out in the grinding pan, revolving the muUer slowly. 

The pulp then ran to an agitator — a deeper pan with wood sides, with four 
revolving arms carrying vertical slats, to settle a little additional amalgam and coarse 
material, and was finally drawn off running to waste or to a settling dam. All settlers 
etc., were provided with holes in the sides closed by wood plugs for discharging pulp. 
At the Comstock, 70 to 85 per cent is said to have been extracted from the sulphide 
ore, but at custom mills the usual return was only 65 per cent of the assay value of 
samples taken at the mortar lip. 

Barrel amalgaination (Freiberg process) was carried out in stout, wooden barrels 
rotating on a horizontal axis. The ore was roasted with salt, and charged in the bar- 
rel with water and scrap iron, which dissolved silver chloride and reduced it to metal, 
cupric and ferric salts being also reduced to cuprous and ferrous; mercury was then 
added and rotation continued 16 to 20 hr., more water was then added to thin 
the pulp, and after a short period of rotation the mercury was drawn off and the ore 
washed out by a stream of water. This process was used for some time on the 
Comstock lode. 

The Cato process or hot pan amalgamation was devised by Alonzo Barba in Peru 
about 1609 for rich oxidized silver ore. The cato or pan first used was a small copper 
pan; the later /endow had a copper bottom about 6 ft. in diameter and 6 to 8 in. thick, 
to which wood staves were fitted. Two large copper mullers were made to revolve 
around it, and a fire was maintained under the bottom. See pp. 1092 and 1152 for 
a complete description. 

The Boss continuous process was an attempt to make the Washoe pan-amalgamation 
process continuous, by using a series of steam-jacketed pans set on a slight grade so 
that pulp flowed from one to the other and finally through settlers; the mercury 
similarly flowed through a pipe system to a safe (as was done at some of the Washoe 
plants) where it passed through a conical canvas filter to separate solid amalgam, the 
filtered mercury being pumped back to the topmost pan. 

The Reese River process^ applied by Stctefeldt to the very base sulpharsenical 
ores of central Nevijda, involved a chloridizing roast of the ore, wetting and cooling it on 
a floor, followed by a pan treatment similar to the Washoe process. A very impure 
bullion resulted. A similar system was used in Butte and elsewhere in Montana. 

The Combination process^ adopted by the Montana Co. about 1890, consisted in 
concentrating the gold-silver ore coming from the stamp mill before thickening the 
tailing and treating it by the pan process. A great economy in mercury was effected 
by thus removing arsenical copper minerals. The original equipment was fifty 
stamps with amalgamating iilates, twenty frues, twenty-four pans, twelve settlers, five 
agitators, and finally twenty frues for the pan tailing, which was then impounded. 

The Kroehnke process consisted in treating crushed ore in rotating wooden barrels 
of the Freiberg type, with mercury and a strong solution of cuprous chloride in brine, 
and then adding zinc amalgam ; lead amalgam was used with poorer ore. The impure 
coppery amalgam was then purified by treatment with hot brine and bluestone acidi- 
fied with sulphuric acid, and finally centrifuged and retorted. The process is 
thoroughly described by Schnabel. 

Conversion Tables for Assay Valuations.^ — In English-speaking countries 
the weights of precious metals are usually expressed in Troy ounces (of 480 gr.) 
and fractions of ounces are stated in decimals, the troy pound, pennsnveight, etc. 
being but little used. Other nations generally use the metric system for these as 
for other metals, and this system is adopted in many United States statistical 

> Revived, 1924, from the author’s paper in " Afmss and Minerals,** January, 1909. 
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reports. The purity or fineness” of these metals is expressed either in earats 
(twenty-fourths) or in parts per thousand (milli^mes), pure gold being designated 
as 24 k. or 1,000 fine. 

Gold.— The exact value of 1 troy oz. of pure gold is $20.671834626328+, 
corresponding to the coinage of $8,000 from 387 oz. of fine gold, or 430 oz. of gold 
900 fine— the United States standard since 1834. Standard British coinage gold 
is 22 k. or 916.666 fine, and 480 oz. of standard gold, or 440 oz. of fine gold, coin 
exactly £1,869. Hence 1 oz. of fine gold is worth 1,019.454.545 d. For ordinary 
metallurgical calculations, the values assumed for an ounce of fine gold are $20.67 
and 1,020 d, (85 s. or £4.25 sterling), and these approximate figures are used in 
these tables. The United States values used are, therefore, about 1 in 10,000 
too low, and the British about 1 ui 2,000 too high. At the values adopted the 
dollar is equivalent to 4.11224 s. and the pound sterling to $4.86353. (This 
must not be confounded with the pound of the post-war exchange which was not on 
a strictly gold basis). The United States Mints report gold bullion assays to the 
nearest J'i per 1,000; the London Mint to Ko pc** 1,000. In statistical work the 
United States Mint uses the exact figure first given, making a kilogram of pure 
gold worth $664 60, and a gram 66.46 cts. 

Silver. — In the United States the price of silver is stated in cents per troy 
ounce of metal nominally 1,000 fine. London quotations are pence per troy ounce 
of ” sterling silver” 925 fine, which, except for short periods, was the standard for 
British silver coin from 1066 to 1920. Since 1920, British silver coins have been 
reduced to a fineness of 500. 

1 penny per ounce 925 fine — 2.19 cts. per fine ounce. 

1 cent per fine ounce = 0.457 pence per ounce 926 fine. 

United States silver coin is 900 fine, 110 standard oz. or 99 fine oz., coining 
$128; the Mints report the fineness of silver bullion to the nearest one-half part 
per 1,000. , 

The following foreign or obsolete units sometimes occur in reports: S. America: 

1 marco per cajon varies between 100 and 70 parts per million, or grams per metric 
ton. Russia: 1 dola (J^e zolotnik) per 100 poods = 2.71 parts per million, or 
1.63 cents gold per ton. Mexico 1 adarme (Ho onza) = about $1.20 gold. 
Old German . 4 quentchen = 10 denser = 1 loth. 


Fineness op Bullion and Alloys op Precious Metals 


1 

Denomination 

Equivalent m 
milliemes or 
parts per 1,000 

/ 

Ik.... 

41 666 

/ 24 k. =1 lb, trov (England) 



\ 24 k. *1 mark (Germany, etc.) 

1 grain per marc 

0 217 

4,608 gr. = 1 marc of 8 oz. (France, Spain, etc ) 

1 oz. per marc 

125 000 

8 oz. * 1 marc (France, Spam, etc.) 

1 loth (silver) 

62 500 

16 loth « 1 mark (Germany, etc.) 
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HON-PERROUS METALLUROY 



1 avoirdupois OE 437 50 18 22Q17 I 0 911458 1 0 06250 28 35 $18 84 77 4748 

1 avoirdupois lb 7 000 291 666 14 58333 16 1 453 60 $301 4375 £61 97 

1 mg 0 015432 0 000643 0 00003215 0 00003o274 0 0000022046 0 0010 0 06645 ct 0 033 d 

1 gram 15 432 0 643 0 03215 0 035274 0 0022046 1 66 45 cts 2 73275e. 

1 kg 15 432 643 32 15 35 274 2 2046 1 000 $664 54 £136 64 


}IYDJtOMETALWUGY OF 0(^0 AND SilVMR 
Volume akd Weight op Fine Gold and Silver 
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Ice 

1 cu in 

1 OU ft 

1 

Fine silver 




Weight grams 

10 57 

173 21 

! 299 307 

Weight troy ounces 

0 339S25 

5 5087 

9,622 72 

Fine gold 




Weight grams 

19 3 

316 209 

546,513 

Weight troy ounees 

0 b20'5 

10 1080 

17,570 39 

Value U S dollars 

S12 8257 

$210 17 

$363,180 

Value pounds sterling 

12 047 

£43 214 

£74,674 


Table 1 -Pulp Fokmtilas 


d = density or specifu RJiivity of diy solid (ore, sand, oi slime) 
p = speiifte pravitv of pulp (mixture of watei and ore, ct( ) 

§ = peiieiitage by \\ eight of dr\ solid iii pulp 

= grams in 100 grams, tons in 100 tons weight, etc 
R = watci ratio oi dilution of pulp 
= tons water pei ton of dry solid 
= grams w ater per gram of solid 
V — volume percentage of solid in pulp 
= cubic ecntimftfis in 100 e r pulp. 

= cubic feet in 100 (U ft pulp 
F = solid factor 

= grams solid in 1(X) t c of pulp 
= tons solid in 100 fluid tons or 3,200 cu ft of pulp 
= avoirdupois ounce's in 0 1 cu ft of pulp 
k IS i constant for my p irticiilar solid under considc'ration, used to facilitate cal- 
culation, and depending upon the density of the dry solid 


k - 
d = 


S - 


R = 


lOOd 


d - 1 

V 


,S/> 

I - R{p 

- 1) Sp 

lOOfp - 1) 

/? + 1 _ 

100 

A 


100- 

(1 

- 1) k ~s 

100 

100(/(p - 1) 

_kip - 1) 

R + 1 

V(<I - 1) 

V 

d — p 


100 - 

dip — 1) 

p - 1 


100 . 

100;> 

- 1 

s ~ ' 

kip - 1) 




y ^ 100(p - 1) ^ ^ _ ,oo)(p — 1) 

d d d - 1 ^ 

Volume percentage of water m pulp = UK) — V — 100 “ ~ ~ 

_ 100(d - p) 
d - 1 

100 100»S ]00d(/> - 1) 

Tons of dry solid per 100 tons water — ^ Iqq ^ d — p 

100 100 /? + 1 
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TKese formulas are strictly applicable only to mixtures of solids with liquids of 
specific gravity LOO, such as water or cyanide solutions at ordinary temperatures. 

Measurements of Daily Tonnage. — Several accurate methods are available; 
one depends on the direct weighing of the dried material caught during a measured 
interval of time; another on the measurement of time and the corresponding 
volume of pulp, tdfeether with the specific gravity of the pulp, using the known 
relations between the gravity and solid contents of pulp. Or one may estimate 
the flow of pulp by a weir or any other method and then determine the weight of 
solid in a measured volume. Reduced to the simplest terms the computations 
from such data may be made by one or the other of the following formulas, 


po unda d ry tib lid c aught X 43 2 
secondH observed 
2,700d p-1 

d-1 ^ t 


Tons solid per day 

Tons solid per day 

This formula may be arranged for slide-rule calculation 

where t = seconds required to yield 1 cii. ft. pulp. 
p = specific gravity of pulp. 

(1 - specific gravity of dry solid. 
k ~ & (constant for any particular material. 
(27«(p-l) 


43.2 X pounds per second 


Tons solid per day 


t 

d = 2 5 

27Jfc = 4,500 


2 6 
4,390 


2 7 
4,290 


2 8 
4,200 


2 9 
4,120 


3 0 
4,050 


p may be obtained by a hydrometer iii the case of slime pulp, or by weighing in grams 
the contents of a glass or tin liter flask, or by weighing in pounds the content of a bucket 
graduated to hold 100 lb. of water. (Such a bucket may be 14 in. in diameter, and 20 
in, deep, in which case the graduation for 100 lb. is about 18 in. from the bottom.) 
100 lb. water = 1.6 cu ft. The value of t may be observed with^ stop watch filling 
a 100-lb. bucket, but preferably with a much larger container. 

cubic feet per day X poundM per cubic foot 


Tons solid per day = 


2,000 



CHAPTER XXX 


HYDROMETALLURGY OF COPPER 

By H. a. ToBELMA^Nl 

Leaching is the term applied to the process of recovering a metal from an ore 
by a solvent or lixiviant and the removal of the ^resulting solution from the undis- 
solved portion. In other words, leaching is the recovery of a metal from ore by a 
wet process. 

In general, leaching is applied only to ores which are not adapted to treatment at 
an equal or greater profit by the long€*r cstabhshed methods, such as gravity concen- 
tration, flotation, or smelting. It has not yet been applied on a large scale to copper 
ores contaimiig a considerable quantity of precious metals, as the recovery of these is 
not high with the usual copper lixiviants. Its most extensive application so far has 
been in the treatment of low-grade oxidized ore, in which the copper is largely 
soluble in dilute sulphuric acid. It has been estimated that between 10 and 15 per 
cent of the copper output of the world is produced by leaching. In this connection, it 
is of interest to note that the two largest leaching plants in operation at the present 
time produce copper at a cost so low that it is not equalled by any other method of 
treatment. 

The oxidized copper minerals, such as the carbonates and silicates, are readily 
attacked by a number of the more common acids and alkalies while th'* non-oxidized 
or sulphide minerals are not and must first be prepared by roasting, weathering, or 
other means of oxidation, either with or without addi*d chemical agents. 

The leaching of‘ copper ores can be carried out in the following ways: h'aching in 
place; heap leaching; and confined leaching. 

Leaching in Place. — This method is based upon the fact that when an orebody 
Goiitainiug sulphide is broken uj) so that both air and water have access to the ore, 
the sulphide portion of the mineral is decomposed and soluble sulphates are formed. 
The chemical reactions involved in this transformation of sulplude^ into oxidized 
forms have been discussed by Lindgren.^ The behavior of sulphides of the same 
kind may be very different, oxidation sometimes not taking place for a long period 
and then again taking place so rapidly as to shoAv decomposition within a few 
weeks. The more porous and more absorbent the gangue, the more rapidly will 
the ore respond to treatment. This method, which consists of treating ore with- 
out removing it from the mine, has been applied only to exhausted orebodies and 
to mines containing large quantities of ore of such low copper content as to make 
its removal unprofitable, and in such a broken-up condition as to be provided with 
ample crevices for the circulation of both air and solution. 

The action is very slow, but the method is inexpensive, the principal operating cost 
being the pumping and distribution of the solution and the iron and precipitation 

1 Metallurgical engint'or, Ohio Copper Co. of Utah, Salt Lake City. Utah. 

^ Hetferences in thia chapter arc to cimilarly numbered references in the Bibliography at the close of 
the 
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expense. The efficiency of the process in any particular case cannot be determined, 
as there js no known method of accurately determining the tonnage and copper con- 
tents either before or after operations 

The leaching results are obtamed by the intermittent circulation of water and air 
through the crevices in the ore One of the greatest difficulties of the process is that 
the shmes gathered from the ore and the accumulated salts may m time fill these 
crevices and temporarily, if not permanently, protect the exposed ore from further 
leaching action. Usually, the rate of extraction is quite rapid at first, but it decreases 
continually. The solutions from such an opeiation are nearly always impure 
and the precipitation of the copper by scrap iron would be the only method that 
could be considered 

Leaching in place is neither now noi novel and is recorded to have been successfully 
used on a small scale in Hungary (Junng the fifteenth century J Paike Channing* 
states that copper was extracted by this process fnim the Eureka mine m the 
Ducktown district as early as 1850 Accoiding to Philip Argali, Hhe Cronebane mine 
in Wicklow County, Ireland, was a good example of the application of this method 
In this case numerous small drifts were driven immediately under the gossan and 
water was mtroduced into the loose gossan on the surface. The solution, after being 
directed from one level to another thiough slopes and fillings, was pumped from the 
lowest level to the surface, \^here the (oppei was precipitated. Irving^ refers to a 
similar operation at the Aznaltollar mines in Spam. It has also been applied to some 
of the exhausted mines at the llio Tinto ^ Tht simplicitv and the effectiveness of this 
method remained apparently uiinotieed in the XTnited States until the spring of 1923, 
when the Ohio Copper (^o of Utah* begin the leaehmg of a large body, estimated to 
contain about 38,000,000 tons at 0 3 per ( ent copper, of thoroughly broken copper- 
bearing quartzite The shattered quari/ile itself is practically inert to chemical 
action, while the copper mineials existing principally in the fissures of this material 
are readily attacked by the hach solutions Thus, there is little danger of clogging 
the ore body by decomposition oi alteration products, as is so apt to occur in mon- 
zomte-porphyry ore bodies 

The present operation consists of carefully distributing on top of tlic caved ore area 
1,200 to 1,500 gal per minute of solution consisting of about iw<f-thirds fresh water 
and one-third launder tailings solution The solution going on ihe ore will average 
about 0 3 to 0 4 lb of coppei and 8 to 10 lb of iron per thousand gallons. This solu- 
tion percolates through the caxed oie and is collected at the bottom of the shaft, 
where it is directed to the precipitation launders, situated on both sides of a large haul- 
age tunnel The solution entering the launders will average about 15 to 20 lb of 
copper and from 2 to 3 lb of iron per thousand gallons There are two parallel 
launders, 32 in by 32 in by 1,600 ft long, in which 97 to 98 per cent of this copper is 
precipitated. Additional launders outside of the haulage tunnel are provided to 
precipitate any remaining copper 

It will be noticed that iron is prcc ipitated out of solution during its passage through 
the ore. This may be due to hydrolysis oi to the action of the feme sulphate on the 
oxidized copper minerals m the ore, or both Should this precipitation at any time 
seriously interfere with the percolation of solution, the further caving of a small 
quantity of ore, or acidulation of the water, would probably leheve this condition 
It IS of interest that solutions both going on and coming off the ore are practically 
neutral. Clean scrap is used and, due to the intelligent operation and supervision, 
an unusually high-grade precipitate is the result. The average precipitate produced 
by this company up to the present time will analyze over 90 per cent copper, the 
impurities being those due to the entiamed solution and consisting pnncipally of iron 
and aluminum sulphates The ccwcmt copper usually produced from such operaj|ijoy»s 
will average not over 70 per cent copper. The production of such a plant is DCoeiMt|ly 
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largely dependent upon the fresh water available. With the present pumping 
capacity, the Ohio Copper Co is consistently producing some 700,000 to 900|000 lb of 
copper per month, or approximately 30,000 lb per day. The iotal cost of operation 
has been published’ as being 6 to 6H cts per pound, fob New York, a cost which is 
rarely equaled Of this amount, it is said that 60 per cent represents the pumping 
and precipitation costs 

The success which has attended the operations of the Ohio (popper Co. will result 
m groat attention bemg paid to this ridiculously simple yet highly profitable process 
There are, no doubt, many worked-out ore bodies sufficiently broken up and of such 
mmeralogical composition as to make this method applicable 

Precipitation should be earned on undeiground when conditions make it practical. 
The warmer the solutions the more efficient both the leaching and the precipitation 
will be. Also, it IS more difficult to pump solutions containing copper sulphate than 
those containing iron sulphate. Efficient prec ipitation cannot be accomplished with 
heavy scrap iron like car wheels, slag pots, and old rails, yet this is the practice 
generally tried, resulting in condemning the precipitation of copper by iron m general 

Heap Leaching. — This method of leaching is probably one of the oldest, if not 
the oldest, of the methods for the recovci y of copper from ores. It is said to have 
been used as early in 1752** in nnovering the copper from cuperiferous pynte in 
Spain. This method, like the one first described, depends upon the natural oxida- 
tion of the sulphide minerals by continual subjection to air and water. The 
chemistry of this oxidation has been much discussed, but still it is not accurately 
known. 

Ores, both sulphide and mixed ore, which must be removed from the mine but 
which arc too low grade to treat at a profil by any other method, can be treated by 
heap leaching. This is generally cMmcd on as folkms 

Ground with a slight slope is sclcated. It is eloaied of any growths, and is then 
rolled and packed w ith ( lay or slum s to make it as iieair w aterproof as possible. Large 
boulders of ore aie selected foi building culverts and eross-cul verts for drainage and 
ventilation purpose's, and ihe drainige is directed to a common point. The ore, 
without crushing fir other preparation, is now rait fully piled on this prepared area. 
In some cases, it has beeui found helplul to classify the mat( ri il to the extent of plac- 
ing the coarsest matenal on the bottom and the finest on the top as an aid to both the 
ventilation and the seilution eii dilation The top of the ore piles is pnivided with 
distributing trenches. Solution, consisting at fiist of fiesh water and later of waste 
solution from which the copper has betm pri'cipitatc'd, is direi ted over the ore pile. 
The wetting is so ( (inducted that, while a certain section is b(ung saturated with 
solution, othei sections are permitted to heat and oxidize. In each passage of the 
solution through tin ore, the sulphates thn£ ha\e formed from the oxidation of the 
sulphides are dissolved and washc'd away The solution emerging from the bottom 
of the pile is directed to a sump, from which it is pumped to scrap-iron precipitation 
launders, where the copper is recovered as cement copper. The solution with the 
copper removed is pumped back to the ore for further leaching 

The method is quite simple, but the reaction is very slow. As years are required 
to obtain a commeicial extraction, this method can be profitably applied only to very 
large tonnages. The jirmcipal method of recovering coppei at Ilio Tinto has been 
by a heap-leaching jirocess Two edasses of ore are leached by this method, a pynte 
and a quartz. When leaching sulphides, the fines and the coarse are treated together. 
The heaps are from 10 to 40 ft high. The tops aie divided into squares for better 
solution distribution. According to l)e Kalb,^ there are said to be some 20,000,000 
tons, occupying about 360 acres, undergomg treatment. The heaps have been placed 
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on a g«ntly aloping hillside having a naturally impervious floor. About IfiO jgM* ^ 
solution per ton of ore per year are required. About 60 per cOnt extraction is 
generally made m the first three years, while seven to mne years are required to bring this 
up to 80 or 86 per cent. It is also said that some of these piles have been under ti!eat» 
ment for nearly thirty years. The pyrite itself is barely attacked and is sold for its 
sulphur value. 

A senes of smallnicale heap-leaching tests made by the Phelps-Dodge Corporation 
at Bisbee, Anz , on the low-grade ores of Saciamonto llill were so encouraging that 
it was decided to use this method to treat some 8,600,(X)0 tons of similar ore which will 
be available. According to Hudson and Van Arsdale,® about 400,000 tons per year 
will be available foi heap leaching Pielimmary tests indicate that about six years 
will be required to make a total rccoveiy of 70 per cent, divided as follows: 



Pkji CfSstt 

First 

20 

Second 

12 

Third 

10 

P'ourth 

10 

hifth 

9 

Sixth 

0 


This IS probably the first real ajiplaation of Jk ip h aching to oks in this country, and 
the beginning of the extensive use o1 i method which not oi.ly is one of the cheapest, 
but also one of the oldest known The installation expense is low , not much labor is 
required, and the final product is high gride On the other hand, the reaction is in 
all cases very slow and ni ly i vin ((ast b> the gradual Idling up of the c rexices upon 
which the reaction depends, by slimes and basK non s ilts Under certain conditions, 
iron IS pieeipitated out of solution and liiins an insoluble (onting on the material 
on which it IS deposited budi a condition might possibly protect the exposed 
copper surface from any further leu lung iction 

Heap roasting followed by subseciueut heap l(‘a< lung has been practiced. Hchnk- 
bel speaks of a process at Jlio Tinto which consisted of slowly ^roasting elliptical 
heaps of sulphides cont dining some 1,600 tons of oie After roasting, the pile was 
leached with watei, whereupon the larger portion of the copper was rc^coverc^d. The 
partially leached ore was now rc'stackcd ovci liori/ontal flues to permit of thorough 
\entilatJon and was moistened irom tune to time, wlicrcby mucdi of the remaining 
copper was recovered The copper was pieeipitated by iron 

Confined Leaching. — By c onfined leaching, the leaching of an ore in tanks or 
vats IS meant. This may be accomplished in two ways, either by agitation or by 
solution circulation, depending largely upon whetlier the ore must he finely ground 
or not to give a profitable extraction This form of leaching may be divided into 
the following principal ojioiations (1) reduction to size, meaning the necessafy 
crushing, grinding, and screening, (2) the eonveiting of the copper mineral to an 
oxide or sulphate by roasting or otherwise, if it exists in a rfon-oxidized form; 
(3) dissolving the copper in the cheapest and most suitable reagent and removing 
the resultant solution from the undissolved ixirtion of the ore, (4) washing the 
treated ore so as to recover the entrained coppc^i solution, (5) the precipitation 
or removal of the copper from these pregnant solutions 

Reduction to Size. — The fineness to which an ore will liave to be crushed to give 
a commercial extraction is largely dependent upon its porosity, the size of the 
mineral grain, the degree of dissemination, and the rapidity with which the 
mineral is attacked by the hxiviant used 
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In most cases where copper ores are treated by leaching, the mmeral exists as 
seams or filling of fissures and fine grmding is resorted to only when rapid extraction 
IS desirable or necessary. Rarely, however, is the copper-bearmg mmeral so 
disseminated and so surrounded by an impervious gangue that fmo grinding 
18 necessary for releasing the mineral particles m order to give access to the 
solvent The typical matenal leached at C^huquicamata is an example of the copper 
mineral occurnng in seams and the fillmg of fissures, wheieas thr» matenal treated at 
Ajo would be an example of the more distributed topper minerals 

The influence of screen size on extraction tan be setn from the accompanying 
table This table shows the mesh, the pt r c ent of copper m heads and in tailmgs, and 
the extraction on mate rial of the different mesh for the yeai 1920 at the New Cornelia 
Chopper Co ^s plant at Ajo, Ariz During this year sizmg tests were made of each 
head and tailing sample, composited monthly and analyzed The average for the 
year was then c omputed 


DisTRiBunoN OP Total Oxidi , Sulphide, and Soi uule C opi lk in the Heads 
AND Tails por Dipplrent Mfsh 
Heads, Pei C tnt C opptr 


Mtah 

P( r p< nt 

Tctil 

Oxide 

Sulphi k 

Oy 

difff re in ( ) 

■ 

InBolubh 

(ly 

difTf reiicc) 

On 

20 b 

1 17 


0 U 

1 2S 

0 09 

On 4 

IS 0 

1 31 


0 1 

1 21 

0 10 

On 6 

U 2 

1 10 


0 11 

1 10 

0 09 

On 8 

9 1 

1 lb 

1 10 

0 lb 

1 14 

■IH 

On 10 

b 1 

1 j') 

1 19 

0 16 

1 41 


On 14 

^ 0 

1 *2 

1 4b 

0 10 

1 49 


On 20 

S 1 

1 7> 

1 77 

0 IS 

I €2 

BB 

Ihrough 20 

IS 0 

^ 00 

1 8- 

0 21 

1 ss 

BB 

CulculuL d • 

100 0 

1 14 

1 KiH 

0 1(7 

1 41b 

0 118 

Average of assays 


1 52 '» 

1 102 

0 101 

1 1)6 

0 125 

CompoaiU aamplt 


1 500 

1 no 

0 IbO 

1 190 

0 no 


1 iilmgs Ptr Ctni ( opptr 


Mosh 

l\r Cl lit 

T till 

Oxide 

Sulphide 

(hv 

diflftrt iu( ) 

S liible 

Insoluble 

(by 

difference ) 

On 1 

2 > 8 

0 47 

0 1j 

0 12 

0 37 

0 10 

On 4 

20 1 

0 12 

0 21 

0 10 

0 21 

0 09 

On b 

12 5 

0 25 

0 11 

0 11 

0 15 

0 10 

On 8 

8 7 

0 21 

0 10 

0 W 

0 11 

0 10 

On 10 

7 2 

0 21 

0 09 

0 12 

0 10 

0 11 

On 14 

4 8 

0 21 

0 11 

0 10 

0 11 

0 10 

On 20 

i 8 

0 22 

0 U 

0 11 


0 10 

rhroumch 20 

17 1 

0 1> 

0 19 

0 10 

BB 

0 17 

CftlPnluteti 


0 328 

0 210 

0 122 

0 223 

0 no 

A^erafft of a«an>'( 


0 320 

0 202 

0 118 

0 218 

0 102 

Oompofiite aanipU 

i 

0 320 

0 210 

0 no 

0 215 

0 105 
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Per Cent Extractions 


Mesh 

On total 
copper 

On oxide 
copper 

On sulphide 
copper 

On soluble 
ocqpper 

On 3 

65.69 

71.5 

14.3 

71.1 

On 4 ^ 

76.00 

82.2 

16.5 

81.3 

On 6 

82.03 

88.8 

21.4 

88.5 

On 8 

85.62 

02.3 

31.3 

01.8 

On 10 

86.45 

02.8 

25.0 

93.0 

On 14 . 

87.04 

02.4 

37.4 

92.6 

On 20 

87 43 

93.0 

38.8 

92.0 

Through 20 

83.01 

90 2 

29 2 

00.4 

Calculated • 

78.50 

84 9 

27.0 

84.3 

Average of asBays 

78 44 





The coarser the mesh that can be leached the less will be the crushing expenses and 
the more efficient the circulation. As the time required to leach an ore depends almost 
entirely upon the solution penetration, it can be seen that the larger the particle of 
ore the longer the time that will be required to dissolve the copper. The treatment 
of coarse material entails less expense not only as to crushing, but it is simpler to 
remove the dissolved coj^per, there is less copper entniined in the final material dis- 
carded, and the less impurities will be dissolved per unit acid neutralized. C/Oarae 
grinding will permit of leaching by percolation in tanks in which the material is 
stationary and the lixiviant moving, so that leaching and removal of the dissolved 
copper from the gangue is coincident. 

In treating coarse material, it is very important to have as niueh of the material 
of the same mesh as is practical, as oversize will not be leached and fines will inter- 
fere with solution percolation. The necessity of a uniform product for consistent 
extractions resulted in the acloption of disc cnishers"-^^ at Ajo. 

As a rule, the richer the; material to be leached the finer the grinding necessary for 
economical extraction. However, the smaller the mesh the greai!l.*r the quantity of 
slimes produced and the less efficient will bo leaching in tanks. Slimes, when present, 
cause channeling, which prevents even distribution of solution and interferes with 
uniform extraction. When fine grinding is resorted to, the material must be classified 
and the sands and slimes separately treated. Where no classification and separate 
treatment is feasible, the product must carry 1 he minimum quantity of fines to prevent 
interference w ith percolation. 

When finely divided material is Icaclicd, both the solids and the solution are 
moving and the separation is accomplished by the standard methods of settling, 
decanting, and filtering. Probably the coarsest material being treated by a leach- 

process in tanks and by circulation is at Chuquicamata, w'here 90 per cent of the 
material is crushed to pass a 0.371-in. screen. At Ajo about 27 per cent remains on 
the 0.261-in., or approximately ^-in., screen. / 

The importance of proper and uniform crushing may be seen by the following; 
If the ore treated by leaching at Ajo had bwn so crushed that the material remaining 
on 3 mesh were crushed to pass 3 mesh but not to pass 4 mesh, the extraction would 
have been increased a little more than 2 per cent, or approximately 0.6 lb. of copper 
per ton of ore or over 7,000,000 lb. for the 12,000,000 tons thus far leached. 

In any form of leaching, whether with an acid or an alkali solvent, slimes must be 
avoided as much as possible. 

Oxidation or Roasting of Sulphides. — As has already been stated, copper in an 
oxidized form is quite soluble, while in the sulphide form it is not. Roasting, which 
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is essentially oxidation, Is resorted to, and ores which are proposed to be treated 
by a wet process and which consist of all or part sulphides must be roasted. 

During roasting, sulphides are not only oxidised or converted to sulphates but 
under proper conditions a large part of undesirable elements, like arsenic, antimony, 
and bismuth, can be volatilised. Heat treatment, such as roasting or thorough dehy- 
drating, is an advantage to many ores, making the impurities lep soluble, and leach- 
ing and filtration less difficult. 

To obtain the best results, the proper roasting conditions must be determined 
for each ore. The literature on the subject is extensive and covers a great many 
^ different conditions. It has been found possible under proper conditions so to roast 
an ore as to convert practically the total copper present in a mixed ore to a water- 
soluble sulphate.'® 

Roasting is frequently carried on in the presence of, or with the aid of, a reagent, 
usually sodium chloride, or common salt, with the object of converting the copper 
into a more soluble chloride and the silver into a more soluble compound. Roasting 
with sodium chloride, however, requires careful regulation of temperature, since, 
under certain conditions of temperature and certain ratios of salt and sulphur, 
the copper may be almost completely volatilized (see Chap. XXXIII, Chlorine in 
Metallurgy), 

Dissolving the Copper. — Many lixiviants have been proposed for dissolving the 
copper in an ore. These include both acid and alkalies and are, in order of their 
importance, sulphuric acid, ammonia and ammonium carbonate, ferric sulphate, 
sulphurous acid, ferric chloride, cupric chloride, hydrochloric acid, chlorine, and 
nitric acid. 

Of these, sulphuric acid is the cheapest and the solvent most commonly used. 
It reacts readily with the oxidized copper minerals, forming copper sulphate. Its 
action on the copper sulphide minerals is practically negligible. It is, unfortunately, 
also a ready solvent for many other constituents of ores in which the copper minerals 
occur — in some capes, to sucli an extent that it cannot be profitably used. It is always 
used as a dilute solution, probably never exceeding 10 per cent and seldom exceeding 
6 per cent, depending upon the grade of the ore, the time of contact, and the tempera- 
ture of the lixiviant. Sulphuric acid has a selective action for copper and in very 
dilute solution will react with copper in preference to the otlier constituents of the ore. 

It has long been recognized that in the leaching of copper ores, as in cyaniding 
gold ores, the product of the time of contact and the solution concentration is a 
constant. In other words, if a given ore is leached on a given mesh for 8 days with 
an average acid concentration of, say, 2.5 per cent, the same extraction will be obtained 
as when leaching this material sixteen day^with half the acid concentration, or 1.3 
per cent. The important fact, however, is that in the ease of the greater concentra- 
tion only 60 per cent of the acid was \iaed in dissolving copper, while more than 75 
per cent was used when using the lower acid concentration. In other words, the 
lower the acid concentration the less impurities will be dissolved. In leaching with 
sulphuric acid, the acid is one of the largest, if not the largest, item of expense, and 
when electrolysis is used to precipitate the copper, much of the acid combined with 
elements other than copper is permanently lost. Impurities are objectionable not 
alone from the point of excessive acid consumption, but also because of their accumu- 
lation when the method of precipitation is such that the solution may again be used. 
Also, impurities may accumulate in a solution to such a point that it will be no longer 
efficient and it will have to be discarded. The two largest leaching plants in opera- 
tion at the present time, that of the Chile Copper Co. at Chuquicamata and that of 
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the New Gomelie Ck^per Co at Ajo, Ana , itee dilute sulidtune aeid W the iMohlntf 
agent ^ 

The subject of sulphunc acid leaching prbceases would not be coieplete Without 
reference to the exceUent process devised by Greenawalt « While this procoW is 
very similar m many respects to that used at Ajo, each was developed inddbendently 
of the other. The Greenawalt process has two outstanding features These arte 
(1) the oontmuous reduction of the feme sulphate with sulphur dioxide by cireulatilig 
the cell solution m closed circuit with the leducing apparatus, (2) the preeipitatfcn 
of the copper m the discard solution by means of hydrogen sulphide instead of with 
scrap iron as at Ajo. 

This process is applicable to oxidized as well as to roasted sulphide ores. By thib 
continuous reduction feature Greenav^alt states that he is able to reduce the copper 
content of the solution going throi^h the electrolytic cell to a greater degree than 
with simple reduction as carried on at Ajo 

For the removal of the copper from the solution which must be discarded, Greena- 
walt uses hydrogen sulphide This is effective iii vaiious arid concentrations and has 
the advantage of leaving the solution in condition for furthf i use as a hxiviant should 
this be desired It is very doubtful, however if the* cost of the precipitation of the 
copper from waste solutions by hydrogen sulpliidc is less expensive than precipita- 
tion by scrap iron from tests conducted at Ajo the costs are about the same, while 
the solubility of the coppe r sulphide precipitate m dilute feme sulphate is not appre- 
ciably different from that of ceiiunt copper 

The mam feature of the Gieeiiawalt pioecss is the continual generation of sul- 
phunc acid The proci ss when operated undci prnpei conditions, msy be made self- 
sustaining As the cost of sulphuric uid is out' of the lirgcst items of expense in 
leaching, the advantages of this pioci hs in ly rc edily be seen 

At Ajo, where the feme sulphate in the solution going to the electrolytic cells is 
reduced with sulphur dioxuk there have been periods when the sulphuric acid pro- 
duced m the towers alone h iis been sufficient to cany on the leaching proc css without 
the introduction of outside a< id 

Anunonia and Ammonium Carbonate. — Next to sulphuric af-id in importance 
and efficiency as a leaching agent may be mentioned ammonia and ammonia 
compounds In the presence of air, iinmoiiia and ammonia salts react quite 
energetically with inetallic coppei and o\i(li/ed copjiei compounds The active 
constituent is the cujiric ammonium carbon ite wlm h is formed and which reacts 
with the copper minerals, foiming c uprous-ammonmiii carbonate In the pres- 
ence of air, the cuprous uimpound is laiudly oxidized to c upric, and again becomes 
an active leaching agent When a solut on containing cuprous oi cupric ammo- 
nium carbonate is heated, both the ammonia and the carbonic acid are distilled 
off and condensed while the copper is precipitated as a cuprous oi cupric oxide. 
There is no fouling of solution 

This process is said to have been originally developed in Germany In 1871, 
m a paper read before the A I M L, the matter of native-copper losses in the 
Calumet & Hecla tailings was discussc d and the far t brought cnit that this copper 
could be dissolved m solutions of imrnoiiia salts »Some years later whe n the treat- 
ment of these tailings was again considered, ammonia-leaching tests were conducted 
which resulted m the erection and operation of the present plant, m which some 8,000 
tons per day are treated 

The material treated at the Calumet plant is finely divided metallic copper m 
sands This metallic copper is at all times < overed with a thin film of oxide which is 
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rapidly dissolved in ammonia in the presence of an ammonia salt. If the metallic 
copper IS again subjected to the air, it will again be covered with a thin film of oxide 
which will dissolve. These reactions are the basis of the ammonia-leaching process. 

The early difficulties of the process are said to have been the loss of the highly 
volatile ammonia which occurred both during the leaching and during the boiling of 
the solution. Benedict^^ found that this loss was not solely due to volatilization but 
to a larger extent to adsorption of ammonia by the ore particles. This loss increased 
with the strength of solution. By using only a weak solution treating low^rade 
material and driving off the adsorbed ammonia from the tailings by steam before dis- 
charging, Benedict found that these losses could be reduced to a minimum. This 
process when applied to the Calumet tailings gives an average extraction of about 
80 per cent. 

At the Kennecott Copper Corporation at» Kennecott, Alaska, copper car- 
bonate, both azurite and malachite, is found with chalcocite in dolomite and limestone. 
The ore is treated by milling, whereby most of the sulphide copper and about 60 per 
cent of the oxidized copper minerals are recovered. The tailings from this milling 
process, averaging about 1 per cent copper, are treated by ammonia leaching. About 
75 per cent of the soluble copper is dissolved. 

The original lixiviant consists only of a 5 to 6 per cent solution of ammonia. This 
soon becomes quite saturated with CO 2 which increases the time necessary to get a 
satisfactory extraction. As in the case of the (^alumet & llecla, the principal prob- 
lems to work out were the recovery of the ammonia and the distillation of the rich 
copper-ammonia liquors. Other troubles, mostly of a mechanical nature, have been 
overcome, so that this method of recovering copper is receiving more and more 
attention, as it is particularly adapted to the many low-grade carbonate ores in which 
tlie acid-soliible constituents arc so great as to make an acid leach unprofitable. 

An ammonia process known as the Perkins process'* is said to have given excellent 
results on some of the low-grade ores of the .Southwest. This process consists of 
heating the ore to be leached in a retluemg atmosphere, during which all or a large 
part of the copper mineral is converted into metallic copper. It is then leached 
with ammonia. 

Ferric Sulphate. — Ferric sulphate is not only an active solvent of most oxi- 
dized copper minerals, but also quite an active solvent of free copper sulphides. 
Complete extraction is possible on oxkles and on carbonates in comparatively 
short periods, wliilc sulphides are more slowly acted upon. To overcome the 
resistance of double sulphides, such as chalcopyrite and bornite, to this reagent, 
a partial roasting was suggested by Thomas. This was found very helpful, 
and under proper roasting conditions commercial extraction may be obtained 
from sulphide ores udth ferric sulphate as the lixiviant. Heat was found to pro- 
mote the leaching reaction. 

Much careful work has been done with this reagent. Probably the earliest is that 
of Siemens & Ilalskc, who, in 1890, introduced a process which consisted of leaching 
an ore ground to 90 mesh with hot dilute feme sulphate. The copper was precipi- 
tated electrolytically, using insoluble anodes and the lixiviant regenerated. The 
results obtained by Siemens & Halske were disappointing and did not warrant its 
further introduction. This work, however, is the basis of most ferric sulphate proc- 
esses. There is no doubt that, had there been available to these inve^stigators the 
present knowledge of the use of insoluble anodes, diaphragms, tank linings, etc., 
the results would have been very different. 

Among the largc^cale tests made with this reagent, probably the more important 
are those made at Cananea, Sonora, by the Oananea Consolidated Copper 
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and at Ray, Ariz., by Westervelt.*^ At Cananea the principal difficulty cnoouiitered 
appeared to be the regeneration of the lixiviant. At Ray, the raw ore was leached 
with hot dilute ferric sulphate and the copper was precipitated electrolytically. 
This later work was practically a modification of the Siemens & lialske process, and, 
as at Cananea, the regeneration of the solvent appeared to be the principal difficulty. 

In heap leaching, as practiced at Rio Tinto, where copper is extracted from mas- 
sive iron pyrite, the (Extraction depends upon the action of ferric sulphate. By proper 
control of the ventilation and the wetting of this ore, ferrous sulphate is formed, which, 
on further action, changes to ferric sulphate and, as such, dissolves the copper. 

The ores treated by lejichiiig by the New Cornelia Copper Co. contained at all 
times a small quantity of copper as sulphide. The per cent of total oxide and sulphide 
in both the head and the tailings of each charge treat(‘d was carefully determined. 
During the treatment of some 10,OfK),000 tons of ore the extraction on the sulphide 
portion of the ore has been very consistent, varying from 26 to 30 per cent of the 
copper contents. As it was definitely proved that a pure dilute solution of sulphuric 
acid has no action on these sulphide minerals, it can be assumed that this leaching 
action on the sulphide portion of the ore is due to the presence of the small quantity 
of ferric sulphate contained in the leach solution. 

Sulphur Dioxide. — Sulphur dioxide is readily absorbed by water, forming 
sulphurous acid. As such, it is an active solvetit of many oxidized copper com- 
pounds. It can generally be cheaply and easily secured, as nearly all localities 
containing copper also contain some sulphur. 

Ore containing high acid-sohilfie coTistitucnts are especially adaptable to sulphur 
dioxide leaching. Copper sulphite is formed. This is unstable and is readily con- 
verted into cupro-cupric sulphite and copper sulphate. C-upro-cupric sulphite is 
slightly soluble in water, but is easily soluble in sulphur dioxide and in cupric sulphate. 

The use of sulphur dioxide as a leaching reagent has been very attractive, with the 
result that much experimenting has been done and many processes have been devised. 
Of these processes the earliest one is probably that of Neill and Burfiend, a patent 
for which was issued about June, 1902. This process consisted of* subjecting the ore 
to the action of sulphur dioxide to dissolve the copper, removing the solution fn)m the 
ore and tiien heating it to drive off the excess of sulphurous acid and precipitate the 
copper as sulphite. 

The process was given a rather extensive trial on the sandstone copper ores of 
northwestern Arizona,*® but the work was discontinued }>efore the value of the process 
was definitely established. The instability of the copper compounds appeared to be 
the principal difficulty. Jos(iph Irving, Jr.^^ describes some leaching tests made at the 
Nevada-Douglas Consolidated Copper Co., where wetted fine ore was brought in 
contact with hot sulphur dioxide gas. The copper was precipitated ui)Oii scrap iron. 

Many other commercial or near commercial teMs were made along similar lines, 
but up to this time (1924) there are no large installations of this kind cither in process 
of construction or in operation. That this reagent has many attractive possibilities 
is, however, generally conceded and the troubles developed will probably be 
overcome. 

This problem was taken up and seriously studied during 1917 and 1918 by the 
U. S. Bureau of Mines.*® It is thought that a successful process, compact and appar- 
ently inexpensive, has been developed. The operations are simple and readily 
controlled. They consist of passing a mixed ore pulp through a revolving drum con- 
taining baffles to impede the progress of the ore, countercurrent to hot sulphur 
dioxide gas. The copper is brought into solution during the passage of the pulp 
through the drum, and is later recovered by either pi^cipitation on iron direct, or by 
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precipitation on iron and then floating the metallic copper precipitate. The results 
were most encouraging. 

During the development of this process,*^ it was found that the pulp from the 
treatment of a roasted cupriferous pyrite by this process contained an unexpected 
quantity of free sulphuric acid. Careful investigation brought out the fact that dilute 
sulphur dioxide gas had a tendency to oxidize the ferrous sulphate to the ferric state 
and produce free sulphuric acid. In other words, when ferrou^ sulphate is agitated 
under certain conditions with air and sulphur dioxide the ferrous sulphate is oxidized 
to ferric and free acid is produced. It was found that the free acid concentration so 
produced could be carried to as high as 5 per cent. This discovery is probably one 
of the most important contributions to the field of hydrometallurgy in recent years. 

Chlorides. — Of the various chlorides that Have been suggested, ferric chloride 
is probably the most important, on account of both its cheapness and the case 
with which it may be regenerated. It not only has the property of readily dis- 
solving the oxides of copjier, but it quite actively decomposes many of the sul- 
phides of copper. Its application as a leaching reagent for copper ores was 
mentioned as early as 1859. 

Ferric chloride, whil(‘ similar to ferric sulphate in its effect on copper ores, is less 
apt to form basic salts, and attacks other elements more readily. 

Cupric or eiijirous chlorides are foiined by the action of feme chloride on copper 
sulphides, the ferric chloride being reduced to ferrous, and, as suf*h, may be regenerated 
by oxidation with chlorine. 

The Do(*tsch process, based upon the reaction between ferric chloride and copper 
sulphides, was once extensively used at Itio Tinto. This process consisted of leaching 
large heaps of half-inch ore, previously mixed with salt and ferrous sulphate, with a 
dilute solution of ferric chloride. The ferrous chloride produced during the leaching 
was converted to ferric by bringing the solution in contact with chlorine gas, in 
scrubbing towers.^ 

The Fnielich process consists of agitating finely ground ore with a warm ferric 
chloride solution and precipitating the copper with metallic iron. 

Both processes have much merit and warrant further investigation. 

Ferrous chloride lias also been used to some extent as a leaching agent. The most 
notable application of this lixiviant is in the Hunt & Douglas process.®® Roasted or 
Oxidized ores were treated with a neutral solution of ferrous chloride and sodium sul- 
pbatc. As this reagent does not dissolve arsenic, antimoiiv, and various other ele- 
ments highly objectionable to eojiper, the precipitate was very pure. Tliis method 
was later somewhat modified and a comparatively large tonnage of material for that 
time was treated by this jiix^eess. 

The Iloepfner process, in which cupric chloride was used as a lixiviant, at one 
time received much attention. The copper, is precipitated electrolytically from 
a cuprous chloride solution, the cupric chloride, which is formed during deposition, is 
used os the solvent for further eoppi'r. The principal obstacle to the success of this 
process was the tendency of the cupric chloride to dissolve the deposited copper, and 
the necessity of eontmual solution purification. 

Chloridizing, roasting, and leaching have found quite wide application as the 
Longmaid-Henderson process and is at the present time the principal process 
employed in recovering copper from pyrites cinders. The crushed cinders mixed with 
salt and sometimes with pyrite are treated in special muffle furnaces. The material 
so treated is then dischargetl into tanks and leached with water, precipitating the 
copper with iron. 
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The advantage of chlorine as a reagent has long been recognized and its intensive 
action on the ores of the various metals has been, also investigated. The |>rinoipal 
obstacles in the use of this reagent are mostly mechanical and not chemical. The 
application of chlorine will find its greatest field in ores carrying, besides oopperi 
precious metal values. 

Nitric Acid.— T^je proposal to use nitric acid as a leaching agent is quite old, 
dating back at least to 1874. The fundamental idea is to employ the nitric acid 
as a catalyzer to obtain a complete oxidation of the sulphides to sulphates by 
means of atmospheric oxygen at a eomparatnely low temperature. The use of 
nitric acid for decomposing sulphide ores in analytical work is old. It has been 
proposed to feed finely crushed ore, with the proper proportion of nitric acid, into 
a rotating furnace, similar to a ceftneiit kiln, whicli is heated near the lower end 
to a temperature sufficient to expel completely the nitric acid and the oxides of 
nitrogen after the sulphating reaction is completed. The presence of sulphuric 
acid derived from the pvritic sulphur mil assist the decomjxjsition of any nitrates 
that mav he formed The sulpliated ore was to be leached in the usual way. 
The nitric acid vapor and lower oxides of nitrogen weie to be recovered by a 
suitable towei and scrubbing system, and convert(*d through the agency of 
atmospheric oxygen and water into nitiic acid. Tlie nitiic acid required is 
directly proportional to the (luantity of sulphides in the ore. 

The success of this process depends upon lumimizing the loss of the nitiic acid 
which may occur in tlirec ways, namely, tlnough Iho foiination of nitrous oxide and 
free nitrogen, which cannot readily be tonxerted into nitric acid; through the mconi- 
plcte expulsion oi nitrogen coiripi'unds fioin tin suljihated ore; and through leakage 
and ineffieiency of the rts'overv system. 

The use of nitric acid as i leai lung agent under certain conditions has been patented 
at vanous times Of these, tlie Kaiikin jmxcss,*-^ iii wliieh ore is treated wuth nitrie 
acid in a closed \essel witli tempei.ituie not o\ei 125''0 , is jirohahly the best known. 
This piocess was tried out at the Nevada Douglas (’upper Co , Ludwig, Nev.*® The 
results of these tests weie desciibed in di'tail about a V'‘'ir latei. 

Fiom all accounts, the nitne acid pioeess is wortliy of much tonsideialion, par- 
ticularly for the treatment of low-grade sulphides as well as low-grade on* containing 
both oxides and sulphides. 

Nitnc acid is pro})ably the most active of all solvents foi copper ore and iri| 
energetically attack both the oxides and the sulphides, but the suceisslul opcrAli*?#^ 
of this process will depend upon being able to obtain a higli pei cent recovery of thj$^ Si 
rather expensive icagent so as to distribute the cost over sufficient copper to make the ’ ^ 
process commercial 

Washing.— After the copper value*? have been di'^aolved from the ore and the 
solution drained off, there is still present a laige quantity of dv?solved coppe^r as 
entrained solution. In some cases this entrained solution may amount to between 
one-half to one-third of the total copper dissolved from the ore. When an oro 
has been leached by percolation, thi'n dissolved copper may be recovered in either 
of two ways (1) by filling the interstices with water and circulating this water, 
draining and repeating this ojieration until the entrained copper is negligible; 

(2) by filling the interstices of the ore with water and then drawing it off at the 
bottom, keeping the material covered and the interstices filled until the draining 
shows a negligible quantity of copper. This latter method is called the 
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piston method/* It is claimed to use less water, require less time and cause less 
trouble than the first method. The former is the method used at Ajo, the latter 
is the method used at Chuquicamata. 

Precipitation. — The methods of precipitating copper from the pregnant acid 
or neutral solutions are, in the order of their importance: (1) precipitation as the 
purest form of copper by electrolysis, usually from copper sulphate electrolyte; 
(2) precipitation as impure metallic copper by some form oF metallic iron from 
sulphate or chloride solutions; (3) precipitation as metallic copper with sulphur 
dioxide under heat and pressure when applied to sulphate solutions; (4) precipita- 
tion with hydrogen sulphide as copper sulphide. 

In the processes in which ammonia and ammonium carbonate are used as a lixiv- 
iant, the copper is precipitated out of solution by simply boiling off the ammonia. 
At the present time, the first two, only, are of commercial importance in the treat- 
ment of pregnant solutions obtained from acid lixiviaiits. 

Precipitation by electrolysis is very similar to electrolytic copper refining. 
The principal difference is that in the former case insoluble anodes are used and the 
copper is taken out of the solution, while in the latter case the anodes are soluble 
and replenish the copper contents of the electrolyte as it is withdrawn. 

The resulting product, electrolytic cathodes, is the purest obtainable commercial 
copper, (easily handled, and has only to be melted into shapes to meet commercial 
requirements. The impurities occurring in refinery solutions are generally more 
serious than those existing in leaching solutions. Refinery electrolytes are frequently 
apt to contain arsenic and antimony in quantities sufficient to contaminate the copper. 
None of the leaching solutions treated at the present time by electrolysis contain 
appreciable (quantities of arsenic or antimony. The impuritic^s which do occur in 
leaching solutions are readily eliminated by simple fusion. 

Copper has b(',(*n precipitjited from chloride and other electrolytes, but not on a 
large enough scale^to warrant discussion. Probably all the copjier sulphates leach- 
ing solutions containing over a certain p(^r cent copper can be jiri^pared for electrol- 
ysis. Its application will depend alnujst entirely upon the cost of power. 

Alumina, iron, magru^sia, and sodium are the principal elements besidc^s copper that 
occur in hmching-solution electrolytes. Of these impurities, the iron, on account of 
its alternate oxidation and reduction and thereby uselessly consuming current, is 
the most important one. 

When electrolysis is used to precipitate copper fnim solution, tlie a(ud that was 
combined with the copper is regenerated. The impiiriti(\s, however, accumulate and 
must be removed. 

This ferric sulphate probh'm may be remedied in three ways: (1) by the use of a 
diaphragm or porous partition, so that the ferrous iron that is oxidized at the anode 
cannot come in contact with the depositt'd copper at the cathode; (2) by purification 
of the solution previous to clcctn)lysis; (3) by keeping the ferric sulphate contents of 
the electrolyte at as low a point as is possible by continual reduction with sulphur 
dioxide. 

The use of a diaphragm anode as a method of solving the ferric sulphate problem 
has not been applied on a large scale, principally because no satisfactory commercial 
diaphragm has yet been developed. While the advantages of a properly constructed 
diaphragm would be very important, its use would probably be limited to cases in 
which ferric sulphate is to play the more important part as a leaching agent, as with 
. the simple sulphides of copper. 
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Purification of solution w commercially practical. Such a method, based on the 
Ottokar Hoffman®* process of purifying copper sulphate solutions and applied to the 
treatment of leach solutions, was tried at Ajo, This process, invented by Pope & 
Hahn,®® consisted of treating the ore with two lixiviants, a low and a high acid. The 
former dissolved much copper and few impurities, the later dissolved the balance of 
the copper and a greater quantity of impurities. The later solution was purified by 
heating, and then Agitating with air after the addition of sufticient roasted copper 
concentrates, to precipitate the iron. The solution is filten'd, the filtrate added tt> the 
first leach liquor, and both electrolyzed. Ikitween 75 and 85 per cent of the total 
impurities in the electrolyte were removed. These tests were discontinued before the 
value of this procc'ss was definitely proved. 

At the present time, tlie details are being drawn of a leaching and electrolytic plant 
capable of producing 200,000 lb. oPcathode copper per day. This plant will leach an 
oxidized copper ore with sulpliuric acid, purifying the solution before electrolysis by 
agitating the neutral solution with finely ground ore until the iron and alumina have 
been precipitated. This method is similar to that proposed in 1914 by Pope and Ilahn 
and tried at New Cornelia. 

This method of solution purification was also suggested by E. A. i). Smith in 1897.’® 

The reduction of the ferric sulphate by sulphur dioxide is very simple and is no 
doubt the cheapest and most eiricient way to meet this problem. Its use for such a 
purpose is not new, having been suggested as far back as 1908. 

The application of sulphur dioxide for this purpose on a large scal(‘ W'as quite openly 
ridiculed. As late as 1914, tli(' engineers on the New Cornelia Copper Co. test plant 
were advised that reduction w'lth sulphur dioxide on a commerical scale was impossible 
and were urged to give up this matter. No trouble was exjierienced except that it 
was found that, as may be expected, the more nearly neutral a solution is the more 
easily it may be n'duced. 

Sulphur dioxide is cheap, the application for reduction is simple, and for each pound 
of sulphur used in reducing ferric sulphate 3.5 lb. of free sulphuric acid are prfiduccd. 
About 30 to 35 tons per tlay of ferric sulphate are reduced to ferrous sulphate with 
sulphur dioxide in the reduction towers of the New C’ornelia (V>pper.Co. To obtain this 
result, some 35 to 40 tons of sulphid(‘ ore containing 40 per cent suliihur are roasted 
to a calcine containing about 0 per cent sulphur. Ihiring this operation about a 
hundred tons of free suliihuric acid are regenerated, or about 75 per cent of the 
total required by the h'aching plant. Under proper conditions the acid produced by 
the ferric sulphate reduction will be sufficient t<) carry on the process without the 
addition of acid from other sources. 

The sulphur contents of the gas employed in reduction Ls not of vital importance, 
although, naturally the higher the S()^ tlie more efficient will be the absorption. The 
gas used at Ajo has been as low as 3 per cent and jus liigh as 8 jicr cent with an average 
of about 5^2 pt‘r cent for six years of operation. The use of lowers for reduction has 
proved satisfactory. For the entire period of operation, nearly six years, the ferric^ 
sulphate contents of the solution entering the electrolytic tank house will pnibably 
average 0.10 per cent or less, while for the pjust four years the average would be loss 
than 0.05 per cent. 

Greenawalt appears to have somewhat improved the process of intermittent 
reduction as used at Ajo by connecting each set of depositing cells with a sulphur- 
dioxide reducing apparatus. In this maimer, the ferric sulphate is reduced nearly as 
fast as it forms and the continually increasing acid contents to some extent compen- 
sates for the decreased copper contents in the resistance of the cell, and more copper 
can be deposited per cycle than at Ajo. 

In the Greenawalt process rapidly revolving discs, the peripheries of which just 
touch the surface of the solution and thereby produce a exintinuous quantity of exceed- 
ingly fine spray, are used in place of towers for reducing purposes. 
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The electrolysis may be carried on in either lead-lined or asphalt tanks. The 
former are used at Ajo, the latter at Chuquicainata. 

Lead anodes are used where tlie solutions contain neither chlorides nor nitrates. 
After nearly six years of continuous operation the aiitimonial-lead anodes in use at AjO 
have shown but little loss in weight. At Chuquicaniata, where the solution contains 
both nitrat(‘s and chlorides, a fused magnetite anode was first used. When the World 
War made th(‘He unobtainable', ferrosilicon was successfully us(<d. Later a copper- 
silicon-lead anode’® was developed, which has proved still more efficient. 

C'arbon or graphite anodes have not been u.sod on a commercial scale for this 
purpose. One pound of copper per kilowatt-hour has been the average efficiency 
obtained when using lead or antimoiiial lead anodes. 

Iron Precipitation. — In solutions of low cqpiier concentration, too high in 
imiiurities for elcctrodepoKition, some form of iron is generally used for precipita- 
tion purposes. When metallic iron is immersed in a solution containing copper, 
the iron is dissolved and metallic copper is precipitated. The product of this 
reaction is known as ctmient copper. 

Metallic iron has many advantages as a precipitant; it is gem'rally quite cheap, 
readily obtainable, and simple to u.se. (^lean iron as a precipitant will, with proper 
operating care and condituins, produce a high-grade precipitate. The usual 30 to 60 
per cent copper contents of ccanent copper is neitlier necessary nor is it good practice. 

There is tlu'oretically required 0.S7S lb. of iron per pound of copper to be 
precipitated, provided no other iron-eonsuining constituent is piesent in the solution. 
Both ferric snljihatc, by its reduction to ferrous sulphate, and sulphuric acid, by its 
action to form ferrous sulphate, consume ii-oii ^^ll(‘u present in Die solution. 

Due to the impurity of the iron, consisting of the constituents of the metal other 
than iron and the adhering iron oxide scale wliieh is nearly always present, as well as 
the iron-coiiHuiniug <*onstituents of the solution from which the copper is precipi- 
tated, the consiimplion of iron per pound of copper is giaicrally about 1.5 to 2.0 Ih. 
instead of the theoretical O.SS Ih. 

For good precipitation purposes, the solutions sliould h(' of as low density 
as possible; they should be clear, that is, all sand and shines should have been settled 
out; the iron should be of as good grade as jMissible, ami clean. The speed with which 
the reaction takes place depends, of coursi*, upon the surface of iron exposed to solution. 
Pig iron acts the slowest and sponge or pow'dered iron the (piickest. Tlierefore much 
work has been done tin the di'velopment of a sponge-iron jirocc'ss. ^'llls jiroci'ss would 
consist of reducing tlic iron in inm ore to metal in a finely divuled state and without 
fusion. 

The most imjiortant rc'-ults were obtainctl,a1 tlie Chino Copper ( )o., where a special 
furnace was developed for continuously producing sponge iron. Here a magnetite 
concentrate' is heated with a partly coked coal in a gius-tight furnace in which the charge 
is heateel by radiation, 

Since the development of this furnace, the U. S. Bureau of Mines has announced 
the development of a similar process, the reduction, however, taking place in a revolv- 
ing Bruckner-type furnace, very similar to that used at Anaconda also for sponge-iron 
tests. 

Notwithstanding the fact that much work has been done on sponge iron, there are, 
with the jMiHHible exception of the sponge-iron furnace at the Chino Copper Co. plant, 
no plants in successful and continuous commercial operation nt this time. 

Both heat and agitation are aids to precipitation. Fine material, such as sponge 
or shot iron, wdll permit of agitation, while precipitation with loose or baled scrap, or 
with pig iron, must be carried on in launders. 
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With ft clean detinned scrap iron, the Ohio Copper Co. has produced some 8,060,000 
lb. of cemont copper, which has averaged over 90 per cent of copper, Beveirali k>ta, 
consisting of 50 or more tons each, have averaged over 96 per cent copper. Theise 
arc the results obtained when using clean solution of low density and with proper 
supervision. The average copper contends of all the cement copper produced at iWd 
Tinto, where pig iron is used, is 75 per cent. At New Cornelia, where baled scrap is 
used, it is 60 to 65 per cent. 

The chemical precipitation of copper by iron is nearly always carried on in either a 
sulphate or a chloride solution. In cither case, it is quite necessary to rc^duce the ferric 
salts before precipitation. This may be done by passing the solution over copper or 
iron sulphides. 

The statement frequently made that the acid must be neutralized before the copper 
will precipitate is not entirely correct. Precipitating coppc'v from waste solutions on 
scrap iron is frequently done at copper refineries. These solutions sometimes contain 
as much as 15 ner cent acid and the copper may be entirely precipitated without 
complete or nearly complete neutralization of the acid. 

The cement copper commercially produced contains 20 t^o 30 per cent water or 
solution. Where this material has to be transported a long distance, drying might 
prove economical. When drying the material, however, it oxidizes. When it is very 
dry, it causes trouble by dusting. Tests on drying cement copper showed, when slowly 
dried to 15 per cent moisture, tliat GO to 70 per cent of the copper contents had been 
oxidized. Whether dried in air or by heat, the quantity of copper oxidized appeared 
about the same. Air drying is too slow to be commereijd. Drying with moderate 
heat is probably best. The statement that cement copper in drying oxidizes so quickly 
as to cause spontaneous combustion could not be proved. 

The disposal of this cement copper has been the (jaiise of much discussion. 
Producers of this material frequently have visions of greater profits by converting this 
cement copper into electrolytic cathodes, casting copper, blue vitriol, or some other 
more profitable forms. "I'he evciitiinl treatment of this class of material, ^hen in 
sufficient (piantity, will be simple melting or fusion in a coal or oil-fired reverberatory 
and, perhaps, then tapping molten copper into a refining furnace and subsequent 
refining so as to produce a casting copper or anodes for the electrolytic refinery. Buch 
an operation should not cost over $10 per ton and would not require a largo 
expenditure. 

The advantages of electrolytic (‘opper in the making of alloys and bearing metals is 
more and more appreciated and the market for casting copper is becoming more 
irregular and fluctuating, with the result that direct uses for secondary coppers are 
becoming less, thus reducing the fit^ld for casting copper. In all probability, the most 
economical disposal of this material will be smelting and casting into cathodes and 
shipment to the refinery. 

Hydrogen Sulphide. — Hydrogen sulphide may be considered the next best 
precipitant for copper from leaching solutions. If hydrogen sulplude is applied 
to a copper sulphate or copi)er chloride solution, copper is precipitated as cupric 
sulphide and acid is regenerated equal to that combined with the copper. This 
regenerated acid may be used to dissolve further copper. 

Hydrogen sulphide may be generated in various ways, the cheapest probably being 
by the action of sulphuric acid on a low-grade copper matte. Tests made with hydro- 
gen sulphide generated from sulphuric acid and low-grade matte have? given the posts of 
precipitation to be equivalent to iron at $20 per ton, or about 1 ct. per pound of copper. 

Greenawalt recommends hydrogen sulphide for the precipitation of copper from 
discard solutions. There are no leaching plants in operation at this time where this 
gas is used as the precipitant of the copper from elutions. 
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Sulphur Dioxide. — The most interesting process that has been developed for 
copper precipitation is that of George D. Van ArsdaJe,*^ who found that, when a 
solution containing copper and ferrous sulphate is saturated with sulphur dioxide 
and is then Iieated under pressure, a reaction occurs resulting in the precipitation 
of about half of the copper as finely divided metallic copper together with the 
formation of free sulphuric acid. This process has been tried at several plants 
and it was found that between 60 and 70 per cent of the copper could be quite 
economically precipitated. The principal difficulty was how to recover the 
remainder. 

This patent of Van Arsdale was followed by several otliers, all based on the same 
reaction, but none of them have so far been introduced into large-scale operation. 

Commercial Leaching Installations. — The *most important copper-leaching 
plants now in operation are those of the Chile Copper Co. and the New Cornelia 
Copper Co. on sulphuric acid leaching; the Calumet & Hocla Mining Co. and 
the Kenneeott Copper Co. on ammonia leaching; the Ohio Copper Co. of Utah on 
leaching in place; and the Rio Tinto Copper Co. on heap leaching. 

Details on the ojicration of the Chile Copper Co. are (juito meager. It is 
important to note that between 10,000 to 15,000 tons per day of low-grade ore arc 
treated by this jirocoss. 

The Chile Copper Co. — The ore treated by the Chile Copper Co. at Chuciui- 
camata, Chile, consists of oxidized minerals in seams and fissures affording 
simple and rapid extraction. The ore contains among other minerals the unusual 
basic copper sulphate or brochantite. The mineral is readily soluble in dilute 
sulphuric acid and introduces copper sulphate into the solution which, on elec- 
trolysis, liberates free acid. TJie mineral is reported fre(}uejitly to be present in 
sufficient quantity to make the luldition of acid from outside sources unnecessary. 

The process as applied at the C’hile Copper Co. was dovc'loped under the direction 
of E. A. Cappelen *Smith from flic results dcriv<*d from the operation of a Ifi-toii 
leaching plant at Perth Anilioy, N. J. The details wore so clearly worked out in this 
small unit that the results that are now obtained on the large plant are substantially 
duplicates of those obtained m the teat plant. 

The ore, averaging about 1.7 per cent copper, is mined with steam shovels at the 
rate of 15,000 to 20,000 tons per day, loaded on ears, and transported by rail to the 
emshers. Successive crushing operations reduce the steam-shovel size so that 30 to 
90 per cent will pass 0.871 -in. mesh. 

Belt conveyors deliver the crushed ore to a traveling bridge, from which it is 
discharged into one of six reinforeed-i'oiieretV tanks lined with asphalt, 150 ft. long 
by 110 ft. wide by 16 ft. deep, set end to cud and holding about 10,000 tons each. 
The ore is charged into one end of the tank until the top of the tank is reached and the 
bridge is then advanced at such a rate as U) keep the level constant. This method of 
charging a tank classifies the ore so that the coarsest material will be at the bottom and 
the finest on top. 

When the tank has been filled with ore, the first leaching solution is introduced by 
upward percolation. Tlie ore remains m contact with the solution for 24 to 36 hr., 
when it is drawn off and replaced by downward percolation with other solutions. 

A certain quantity of each solution coming from thi' ore is removed for the complete 
deposition of the copper, in order to take care of the impurities and to compensate 
for the introduction of wash water to the system. The impurities at Chuquicamata 
consist principally of the sulphates of magnesium, sodium, and potassium, together 
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with a small quantity of nitrate and chloride. The former, while not detrimental to 
the operation, would accumulate to such a point as to render the solution inactive. 
The chlorides and nitrates go into solution with tlie copper and must be eliminated 
as far as possible. The chlorides are removed by agitating the pregnant solution in 
the presence of metallic copper, whereby the chlorine will be precipitated as a more 
or less insoluble cuprous chloride. About 85 per cent of the chlorine is removed in 
this manner and abcAit 1 ton of solution is dechlorinated per ton of ore treated. Both 
clilorides and nitrates when present in appreciable quantities prevent the use of lead 
anodes. 

I'hc ore is ideal for leaching, the extraction obtaiiietl averaging consistently over 
90 per cent. It has been said that each ton of ore ct>ntainK between 20 and 30 lb. 
of what might be called latent acid. 

The pregnant solution after dciFhloridizing is sent to the electrolytic tank house 
for precipitation. These tanks are oi reinforced concn*tt‘. "riiere are 894 cells in 
operation. Ij(‘ad anodes were at first tried in the experimental plant but were not 
found satisfactory. A German anode made of fused magnetite was then used. The 
war with Germany made these difficult to obtain and a ferrosilicon alloy was sub- 
stitut ed. Later these were repla ced by a special copper-silicon-lead anode developed 
by the research department of this company. I’liis has proved to have a low counter 
e.m.f. and is better than anv of the previous forms. 

Power for all operations is giuierated at a plant built on the coast, some 150 miles 
from the mines. Of the t )tal ])ower geneiated, a little over SO i>er cent is used for 
copper deposition. About 0 S5 Ib of cojiper are deposited p(‘r kilowatt-hour to the 
tank house. Pefining furnaces have* be(*n piiivided and the cathodes are melted and 
cast into commercial shapes at the plant, the product leaving Chuiiuicainata as the 
Iiighest grade of electrolytic copper. 

This process is being successfully apidkd to some four or five million tons per yt'ar, 
turning out at practically one continuous operation some 18(),()(X),00() lb. of refined 
copper from an ore that could not be treated by anv otlier known method. 

New Cornelia Copper Co.— About the time that the Ghuipiicamata plant of 
the Chile Copper (V). w'a‘^ ready to begin operations, the details of the process to 
be used in treating the ores of the New Cornelia Copper C^o. at Ajo, Ariz., had 
been practically decided upon. 

The problem in Ajo differed from that in Chile* in that the ore to be treated (1) 
was of a lower grade; (2) did not carry any latent acid compounds, such as basic copper 
sulphate; (3) was less leadily soluble. On the other hand, the problem at Ajo was 
simpler. There w^cre neither chlorides nor nitrates to contend with in the ore. 
Tests could be carried out on a larger scale and closer to tin* scene of actual operations, 
supplies were less expensive, and more easily attained. 

The location of the deposit, mode of occurrence, and the jireliminary tests leading 
to the development of the jirocess that has successfully treated some ten million 
tons of ore have all been so often described that only a general discaission will be given 
here. 

After a period cov(*ring nearly thrc*(» and a lialf years and during which some 15,000 
tons of ore w^ere treated, a process was developed, the results of which would be posi- 
tively foretold. 

The process adopted was as follows: (1) mining by steam shovels, the maximum 
size to be controlled by the size of a fragment that will pass the shovel dipper; (2) 
transportation of the ores in cars that will stand up to the rough service and discharge 
freely any fragments that passed through the dipper of the steam shovel; (3) the 
delivery of the ore, without any storage other than cars, directly into a crusher that 
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will receive any fragment discharged by the car; (4) crushing of steamnshovel size to 
as near Vi in. as practicable; (5) leacliing the crushed ore 8 days by a counter- 
current system and upward circulation, using sulphuric acid and such ferric sulphate 
as is inherent in the process; (6) reduction by sulphur dioxide gas of the ferric iron 
remaining in the neutral solutions from the leaching tanks; (7) the electrolytic deposi- 
tion of part of the copper from this reduced solution, which is then returned to the 
leaching solution; (8) the continuous discharge of such portion of the neutral solution 
as is necessary to prevent accumulation of sulphates other than copper to the satura- 
tion point; (9) the recovery of the copper content of such discarded solution as cement 
copper precipitated on iron; (10) the treatment of a part of this cement copper with 
solution from the electrolytic tank house to the end that the copper be returned to the 
(‘irculation and a part of ferric sulphate reduced. 

• 

Crushing. — The ore is mined by steam shovels and is loaded and delivered to 
the crushing plant in side-dump cars. The crushing plant is divided into two 
departments, coarse and fine, which are separated by a 10,000-ton storage bin. 

The 10,000-ton storage bin between the coarse and fine crushers is of steel, built 
on an elevated reinforccd-concrete platform. The on* is drawn from it automatically 
onto a set of five belt conveyors, eejuipped with magnetic head pulleys, which deliver 
the ore to five units of Symons verticalnshaft disc crushers. Each unit consists of 
three interchangeable cnishers. The first is set to crush to inch cubes. The crushed 
material is elevated and screened; the undersize by-passes the remaining two cnishers, 
which are set in parallel. The oversize passes to these two crushers, which are set to 
crush to the desired size. The entire product is fed to a system of belt conveyors, 
which lead through a sampling plant to the leaching vats, which furnish the only 
storage for the cnished ore. 

Leaching. — The leaching tanks, 88 ft. square and 17 ft. 4 in. deep inside, are 
built of reinforced concrete with wooden bottoms. Each has a capacity of 5,000 
tons of crushed ore. The sides and the launders of the tanks arc lined with 8-lb. 
lead and the bottom with G-lb. 4 per eiuit antimoiiial lead. The filter bottom is 
laid over the lead bottom and consists of 5- by 12-in. joists on edge laid on 16-in. 
centers, covered with 2-in. ship-lap planks that are bored with ^s-in. lioles on 
2-iii. centers (‘ountersunk from below. Under the center of tlie lilt(‘r bottom, 
and at right angles to the wooden floor joists, a distributing launder is set in the 
floor, through which the solution enters and from which it is distributed under the 
filter bottom. The lead lining on the sides of the tanks is protected from abrasion 
by a covering of 2-in. planks. At the top and sides of each leaching tank are tw'o 
overflow launders extending the length of the tank, one end being connected with 
the suction of a circulating pump. The charging is done by a machine especially 
designed for this plant and known as the spreader bridge. It consists of a travel- 
ing bridge of structural steel which spans the tanks and travels, as desired, length- 
wise with the row. The bridge supports a belt conveyor, which receives the 
crushed ore from the belt on a central structure. A tripper on this belt spreads 
the ore in the leaching tanks. 

The tanks are charged by filling to the top of the tank at one side, allowing the 
ore to assume its natural slope, or about 45 deg., and then continuing at one side and 
discharging the ore at the top of the slope, allowing the coarser material to run to the 
bottom and the finer to remain somewhat higher up, thus giving a rough classification. 
The bridge is moved slowly forward as the filling of the tank progresses. This plan 
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was suggested by the engineers of the Chile Copper Co., who have obtained the best 
results through this method of filling. 

The cnished ore is Icaehcd fnnn 6 to 8 days by a countercurrent system and upwartl 
percolation, using dilute sulphuric acid as the principal solvent. 

The solution in each tank is circulated by two l5-in. vertical centrifugal pumps 
having a capacity of 3,500 gal. per minute each. 'Hieae are driven by direct-connected 
40-hp. vertical motors. The head against which the pumps work is equivalent to 
the friction head of the solution passing thniugh tlie ore. The dischai-ge from one of 
these pumps is provided w'lth a by-pass which permits a portion of the solution to be 
advanced to the next tank. Both pumps are tlirottled to give a circulation of about 
4,000 to 5,000 gal. per minute through the ore. Of this amount about 1,000 gal., 
called the solution advance, is continuously imsaing through fnim tank to tank. 
The high-acid solution, whicli has averaged about 2.5 per cent free acid for an 8-day 
leach, coming from either or both tlie tank house and the solution storage, and going on 
the oldest ore, is called the ' acid advance.” TJie nearly neulral solution coming off 
the newest charge and going to the reduction towers is known as the “neutral advance.” 

Upon the entrance of a new charge into tin* circuit the solution remaining in the 
oldest tank is drained to the solution storage, where it is standardized with acid and 
is later used as acid advance. After thorough drahiing the tank is ready for the wash 
w^ater. 

As the copper entrained in a charge after leaching is about ono-tbird of the total 
copper dissolved, tlie (iiu'slion of thorough washing is very iinjiortaiit. Four succes- 
sive wash waters with drainings aie used. 

The fourth wasli ot any one charge is used as tin* tliird wash of th<' succeeding 
charge, the thud used as the second and the Kceoiid as the first. In other words, each 
wash w^ater is used four turn's, the copp-r eoritents increasing eacli tune, when it is 
incorporated into the system to make up the eontinuoiis losses of solution. Those 
losses arc due to evaiioration, discard, and solutum entrained in tailings. 

After a charge has b(*en washed and drained, the tailings are removed fnnn the 
tank by a Hulett imlouder, similar to unloaders used on th(‘ (Ireat Lakes for unloading 
iron ore from boats. A heavy steel budge on trucks siians tbe leaching tanks and 
travels their entire length. On this bridge travels a trolley carrying a walking beam, 
bucket leg, and luieket of 12 ton capacity. The unloader has a rated capacity of 
500 tons per hour and will generally excavate a tank of tailings in 10 to 11 hr. 

Reduction of Iron. — In the eh'ctrodejxisition of eojijx^r from a sulphuric acid 
solution, iron, if present, wnll consume electric energy, by its alternate oxidation 
and reduction, thereby reducing the quantity of coppe^r deposited per unit of 
current. During the exjierimeiital work the control of the ferric iron proved one 
of the hardest problems to solve. A patent diaphragm anode was tried and gave 
good results, but w^as cumbersome and difficult to ke(‘p in order. I^ter, tests 
made on a process in w^liich iron and alumina wTre preci])itated as hydrated oxides 
by the addition of roasted (‘opper ores gave good results. This method was 
considered too complicated for an ore of this character. The idea was then 
suggested of using the natural oxides and carbonates in the ore itself as the 
precipitant of the ferric sulpliate; in other words, the precipitation of the principal 
impurities in the solutions upon the charge itself. Early tests made on a small 
scale were very promising, but tests carried out later on a larger scale failed to 
give the desired results. For the first 15 or 20 days, the copi>er in the newest 
charge of ore was sufficient to precipitate all the ferric iron that was O/Ontained in 
the solution passing through the ore. However, as the acid concentration on 
each charge increased, the precipitated ferric iron was redissolved and eventually 
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accumulated to such an extent that the iron in the solution was in excess of the 
copper available as a precipitant. 

It was now decided to resort to SOg reduction. The general opinion was that this 
witB both unsatisfactory and difficult. This proved to be the case in solutions decid- 
edly acid, but where neutral or slightly acid solutions were used, reduction proved 
quite easy. For these tests elemental sulphur was used, as it was believed that a gas 
with the maximum percentage of 8O2 was most essential and th^t a rich gas could 
only be produced by })urning elemental sulphur. 

In the sulphite-pulp industry large quantities of sulphur gas arc produced and 
absorbed, and, accordingly, the method of producing and absorbing the gas used in 
that industry was investigated. It was foimd tliat at some plants pyrites were 
used and that under proper conditions a gas of 12 per cent SO 2 could be produced. 
The only objection in the sulphite-pulp industry t(j the use of pyrites was the tendency 
of small calcined particles to be carried into the solution and thence into the pulp. 
Upon investigation it was decided to make use of the cheap and abundant supply of 
the high-sulphur low-copper ores of the liisbee district. 

A bucket elevator and a conveyor ecjuipped with automatic tripper delivers the 
crushed ore to hoppers situated above four Wedge roasters. These roasters are 22 ft. 
0 in. in diameter, have sevem hearths, and are belt drivim by Ti-i-hp. motors. 

The gas leaving tin* masters enters the spray or cooling chamber. This chamber 
is 14 ft. square, 04 ft. long, and is built of 8-lb. lead supported on a woodem frame- 
work. Nozzles are distributed ov(‘r the top and sides through uhich “neutnd 
advance” is sprayed to cool the gas before it enters the towers. Between 00 and 100 
gal. of solution per minute are recpiired to supply these sprays. The ferric iron in th(‘ 
solution used in cooling the gas is practically all reduced and the solution joins that 
coming from tlu* towers. The temperature of the gas in its passage through tlie spray 
chamber is reductsl from (>00 to 15()®F. A flue etmnects the spray cliamber with the 
bottom of the first pair of towers, dividing the gas equally between them. 

There are six towers arranged in pairs. Two pairs of the towers are part of the 
original equijunent and are 40 ft. high and 20 ft. in diameter. These are built of 
sheet lead, supported on a steel framework. The other pair are 28 ft. in diameter, 
40 ft. high, and ar(‘*i)uilt of ordinary redwood tank construction, hofiped together with 
iron rods. As an additional precaution against gas haikage, the wooden towers are 
painted with asphalt and covered with n^ofing paper under the hoops. The towers 
rest upon a reinforced-concrete base, provided with a lead pan. All towers are filled 
with boards placed on edge, the width of a board apart, and in layers. Each layer is 
laid at right angles to the one immediately below' it. The solution js distributed over 
tlie top of the towers by a system of launders provided with gas seals. Between the 
second and third pair of towvrs is a fan which draws the gas from the roasters tJirough 
the spray chamber, and a third sc't of towers, and forces it through the second and first 
sets to the atmosphere. The temperature of tte escaping gas is that of the atmosphere. 

The solution (or neutral advance) to be reduced travels coiintereurreut to the flow 
of gas, tJiat is, the most reduced solutitm comes in contact with the strongest gas. The 
solution coming from the newest tank of ore is pumped to the top of the third pair of 
towers by a centrifugal pump. The solution distributed by launders and gas seals 
flows down over the filling, thus coming into intimate contact with the rising gas. 
At the bottom of t‘aeh pair of tow'ers there is a concrete lead-lined sump, into which 
the solution flows and is then immped through the next pair of lowers. From the 
first pair of towers the solution is pumped to the second pair, then to the third pair, 
and then to the so-<*allod settling tank, whence it goes to the tank house. The pur- 
pose of this settling tank is tw^ofold : one, to settle out the slime; the other, to get the 
benefit of the additional reduction that was found to take place in a neutral or slightly 
acid solution on standing. 
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Electroljrtic Deposition. — The electrolytic tanks are housed in a structural- 
feteel building, 166 ft. wide and 280 ft. long, having sides only partly enclosed to 
give good ventilation. The tanks are all on the same level, none in cascade. 

The cellar, which is open on all sides, has an asphalt floor draining to gutters tliat 
lead to a sump at each end of the building. There is head room throughout the cellar 
to permit regular iilspoction of tanks, piping, and feed wires. 

The electrolytic tanks are arranged in banks with aisles between. There are 
twelve banks of ten tanks each and four banks of eight tanks each, making a total of 
\r}2 tanks. Each tank is s(‘paratcd from the adjacent tank by a 3-in. air space. All 
tanks are made of Oregon pine, lined with 7-lb. clieinical lead. The inside dimensions 
of the tanks are 29 ft. 7 in. long, 4 ft. 9 in. wide, and 4 ft. 3 in. deep. These tanks are 
supported on concrele cnlumns, afid are insulated by tile bloeks covered with sheet- 
leacl caps. Each tank is provided with a 4-in. clcan-out plug. There are also two 
perforated lead diaphragms, one at each end of the tanks, to assure a uniform circu- 
lation. The inlet to each tank is fitted w'ith a 3^2“in. diaphragm valve and a 3^-in. 
glazed stoneware gooseneck for insulating purposes. At the outlet end there is a 
lead overflow pan fitted with a 4-iii. tile pipe suspended in a U)-iii. lead boot conneeted 
to the discharge pipe. 

Each tank has 84 anodes, making a total of 12,768 in ih(‘ tank house. The anodes 
are of lead containing 3.5 per cent antimony. 1’he average weiglit of a lead anode is 
215 lb. They are 40 by 51 by in. thick, and arc suspended by Iwo }i~ by l^^-in. 
copper bars secured to the tops of tlie anodes. The submerged surface of all anodes 
is 41 by 41 in. The spacing of anodes is 43*2 in. on centers. The distance fnmi the 
bottom of an anode to tli(‘ l)ottom of the tank is 8 in., while that of the cathode is 
7 in. Short circuits are jircvcnted to some extent l^y providing the anodes with 
eight chemical glazed-porcelain insulators distributed ov(‘i' the anode faces. 

Much doubt was expressed about tlie life of the lead anode and some very positive 
statements were made regarding their probable length ol life. (Continuous service 
extending for over a year has failed to show appreciable oxidation. 

There are 77 catiiodes to a tank, or 9,779 cathodes in the taijt house, exclusive of 
starting-shcct hlaiiks. The cathodes, which are 42 in. square, are totally submerged. 
They arc suspended upon copj)(‘r l>ars by loop.s made frf)m starting sheets. The 
original starting ,sh(*et.s weigheil about 15 to 18 lb., while tlie finish(*d cathodes weigh 
130 to 140 lb. At present 127 tanks arc iis(*d for making calhodi's and about 14 to 
10 days are required to produce cat bodes of t he ilesired w eight. 

OfK* section of eleven cathodes is removed at a time an<l carried to the center 
aisle, where they are washed with hot water to remove the salts and soluble copper, 
'^rhey an' then landed on an iron frame to facilitate the hand trucking to the freight 
ears. Each car is sampled by drilling every twentieth cathode in the center and in 
diagonally opposite corners. All eleetnilyfic copper, whether cathode or scrap, is 
shippi'd to a refinery, where it is melted, brought up to pitch, and cast into commer- 
cial shapes. ^ 

The cathodes produced have varied from 99.15 to 99.85 per cent in copper con- 
tent, the impurities being principally slimes, held by mechanical entanglement. The 
greater the density of the electrolyte the lower is the copper content in the cathodes, 
and the greater the insoluble matter, iron, and alumina. Ihe cathodes always con- 
tain more or less chlorine, varying from 0.05 to 0.35 per cent. There being no arsenic 
or antimony in the ore, and very little in th(' acid, the average arsenic content of the 
anodes is less than 0.0015 and the antimony less than 0.0005 per cent. 

Twenty-five tanks operate on starting sheets, each tank containing seventy-seven 
starting blanks, or a total of 1 ,925 blanks. The starting blanks are of rolled 3.5 per 
cent antimonial lead, 53 by 43 by }4 in,, and are large enough to allow a small aniount 
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of trimming, wliich is done with a squaring shear. The anodes in these tanks are 3.5 
per cent anlimoriial lead, and arc 41 by 62 by in. They do not have porcelain insu- 
lators, as thesL t(*nd to spot the starting sheets. The spacing of anodes in these tanks 
is the same as in the commercial tanks. The tank construction and other details are 
likewise similar 

Eleven blanks are handled at one time by the crane, and placed on an iron stripping 
rack provided with a crawl so that the blanks can be carried, ofie at a time, to the 
center of the rack, where the starting sheets are removed by two strippers, one strip- 
ping fi*om each side. After 8tripi)irig, the blanks are oiled and placed on the opposite 
end of the ra<*k to be returned by the crane to the tanks. 

The electrodes hang parallel to the flow of solution (or paralk^l to the length of the 
tanks) to give a free circulation of the electrolyte. This method of hanging the elec- 
tn)de8 was first brought to our attention by the tvork done at tlie Butit* & Duluth 
leaching plant. 

Alternate bus bars extending across the tanks connect the electrodes in parallel 
and the tanks in series. These bus bars, placed across tlu' tank, divide it into seven 
sections or cells. The intermediate bus bars lire 1 in. wide and 4 in. deep, while the 
end bus bars are 1 in. wide and 4 in. deep. Soldered along the top of each bus bar 
is a triangular piece of copper, 31 in. high, giving a point contaci to tli(‘ electrode bars. 
Small maple blocks impregnated with linseed oil insulate calliodes and anodes from 
opposite bus bars. These bus bars are supported on insulated iron castings, which, 
in tuni, rest on the tank cleats. ''Fhe current lor the deposition of the coppei is sup- 
plied to the tank hous(‘ by two identical 15,00()-anip. eiicuits, (*ach ciicuit liaving 
seventy-six tanks in senes. This arrangement gives the muMinuin current density 
of 8 amp. per square foot of cathode .surface when operating under noiinal conditions. 
With an average current efficiency of 80 per cent this means a daily gain of about 
10,26 lb. per cathode, or a total capacity of 120, (MX) lb. of electrolytic copper per day. 
The drop of potential between anodes and cathodes has averagisl v(‘rv close to 2.00 
volts. There i.s a tendency for the voltage to drop during the summer clue to an 
increase in the temperature of tlie electrolyte. 

The solution flo^^ in the tank house is part of a cIoschI circuit with the leaching and 
reduction plant, receiving a continuous flow of solution from them. This flow, 
coming always off tin* newest ore, then through the towers and settler, is regulated by 
means of weirs and has varied fnim SOO to l,r>0() gal. per minute, depending on oper- 
ating conditions. This volume is dividcsJ among the sixteen banks of tanks, tho.se on 
starting sheets getting geiu*rally a little more than those on catliodes. By this 
arrangement each bank of tank.s on cathode's receivers betwei'ii (iO -ind 70 gal. per 
minute of reduced solution. Each bank unit consists of either eight or ten tanks, a 
sump, ana a 9-in. vertical-type ccuitnfugal pump having a capacity of l,(X)0 gal. per 
minute. Each bank ha.s an individual circulation of l,t>00 gal. per minute between it 
and the sump, while an overflow arrangc^ment provides for the return of such a portion 
of the electrolyte as is equivalent to reduccHl solution added. 

The current efficiency depends on the quantity of ferric sulphate present, due to 
the reaction between ferric sulphate and metallic copper. The ferric iron content in 
the solution is kept as low as possible aiicl the conditions shown are as good as can be 
expected. No doubt, w'ith a smaller quantity of total iron present in the solution less 
would be oxidized, and it wa.s recommendcMi that the total inin be kept below 2 per 
cent. With the total iron not over 2 per cent, the ferric inm in the electrolyte* will 
probably not exceed 0.5 per cent, the current efficiency will be increased, and more 
acid will be regenerated. 

At the beginning of operations in the tank house, a great tleal of difficulty was 
encountered by the dropping of cathodes in the electrolytic tanka, due principally to 
the corrosive action of the ferric sulphate on the loops at the .solution level, and on 
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that part of the cathode covered by the ends of the loops. Corrosion at the solution 
line was easily remedied by raising and lowering the solution level in the ^eotrolytie 
tanks, but the corrosion of the cathode sheet between the loop ends was far more 
difficult to overcome. Later this condition became worse with the increase in the 
ferric iron and higher temperature of the electrolyte. The dropping of cathodes not 
only caused bad short circuits in the tanks, but also made it necessary, when pulling; 
cathodes for shipm|snt, to pull individual sheets with tongs, which made it almost 
impossible to handle the daily output of cathodes. Considerable damage was also 
done to the lead lining of the tanks and the danger from accidents was more than 
usual. Numerous schemes to overcome this clifliciilty were suggested and tried, until 
it was found that, by splitting the ends of the loop and attaching them with a Morrow 
machine in such a manner that the portion of the starting slujet adjacent to the loop 
was exposed to tlic dejiosition of (i|.>pper, not only the loop, but also the Sheet built 
up, making a good fiiin joint. Since the adoption of this method no further trouble 
has been experienced with dropjiing sheets. Patents have been applied for and 
allowed covering this improved loop. 

As previously mentioned, only about 45 to 50 per cent of the total acid used in an 
8-day leach is utilized in dissolving copper. The remainder is used in dissolving 
impurities. If copper only is removed from the solution, th(» other substances will 
gradually accumulate and the solution will reach a condition where it will become 
sluggish in dissolving the copper from the ore. 'I'o keep the solution active, it is evi- 
dent that a portion must be diseariled and replaced witli fresh water. The quantity of 
solution discarded per day must contain impuriti(‘s eipiivalent to the amount dissolved 
per day, if the accumulation is to be avoiiled. In the experimental work it was found 
that, under similar conditions, nc*arlv all the substances that went into the solution 
were pn'sent in a fairly constant ratio to one another. Of the various impurities 
dissolved, iron is the most easily and (piiekly determined and was used as the indica- 
tion of the quantity of solution necessary to be discarded. The experimental work 
clearly demonstrated that the best results are obtained when the total iron in the 
solution does not exceed 2 ]>er cent. 

The original ecmenling (‘((iiipment consisted of six sections of reinforced-concrete 
launders. Tlu'se an* arrangi’d in t^\o paralh*! rows of thnx* rit'ctions each. The 
bottom of each launder slopes toward threi* sale elean-out gates. The scrap iron rests 
upon a grated wood floor. The solut ion flow's through each one sueeeasively, but may 
be by-passed to allow the cleansing and refilling of any of tlic sections. Fn)in these 
launders the waste solution w'as to go to the de.scrt. 

Under good operating conditions pnicticallj' all the eoj)pcr is precipitated. When 
a launder is no longer efficient, the solution to that launder is by-passed and the solu- 
tion remaining in it is drained. The cement copper is shoveled out onto wooden 
grates, where the iron is washed off wdth a hose, and the unconsumod iron is returned to 
the launders. 

Cement copper when cl(*an and finely divided dissolves readily in ferric sulphate, 
with the formation of copper and ferrous sulphates. By so doing not only is the 
cement copper dissolved, but the ferric iron is reduced also. The plan was to hose off 
the loosely adherent copper from tlie scrap iron to the bottom of the t auk and then flush 
it into one or more circular lead-lined tanks, called agitators. These tanks are 20 ft. 
in diameter and 6 ft. deep, provided with a stirring device, driven by a small motor; 
125 gal. per minute of tank-house return solution can be circulated through each tank. 

This plan of redissolvirig the cement copper is carried out when the operating 
conditions of the plant require it. The principal objections to the continuous use of 
such a plant are that, by redissolving the cement copper in tank-house solution the 
total copper output of the plant is reduced, which at times does not give the greatest 
profit piossible. It is of interest that somewhat over 12,000,000 tons of ore have h^en 
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successfully treat f*d by this process by the New Cornelia Copper Co , dunng which 
tune approximately 200,000,000 lb of electrolytic copper were shipped as cathodes 
and 25,000,000 lb of copper shipped as cement copper. 




CHAPTER XXXI 


ELECTROLYTIC REFINING OF LEAD 

By Walter C Smith* 

Early History. — One of the earliest attempts to refine lead electrolytically was 
made in 1878 by Prof, N. S. Keith,* who employed an electrolyte containing 180 
g of sodium acetate per liter, in which was dissolved 18 to 22 g of lead sulphate 
His anodes weighed about 20 lb , were 15 by 24 in and >8 to in thick, and 
were wrapped in muslin cloths to catch the anode slime The refined lead 
crystals dropped off the cathodes and fell to the bottom of the tanks 

At Rome, N. Y., a plant having a capacity of 3 tons per day was operated for a 
time. Thirty circular concrete tanks 6 ft in diameter and 40 in deep were provided 
Each tank had a central pillar 2 ft in diameter, and was equipped w ith cylmdru al 
brass cathodes The ano<le plates measured 6 by 24 in and weight d 8 lb each, 270 
anode plates were used per tank They were hung from a rotating frame and earned 
scrapers which removed the deposited lead from the cathodes The current density 
was approximately 3 2 amp per sq ft of cathode surface An Edison dynamo of 
2,000 amp and a capacity of 10 volts supplied the current 

TommasP proposed to refine lead, using an acetate solution as the electrolyte and 
a rotating disc of aluminum bronze as the cathode The cathode rotated once per 
minute, and the spongy lead deposit was scraped off the cathode as it came above the 
level of the tank L 01i\ser< made a senes of expenmen ts with a number of different 
electrolytes, and ckiiins to have secured a solid lead deposit A G Be tts® repeated 
Glaser’s work and could not get a solid deposit Betts then tned to refine lead, using 
ffuosilicate electrolytes of different strengths, but in every case the cathode deposit 
was incompact. He tried to compress the deposited lead on the cathode by removing 
the cathodes from the tanks every few hours and passing them through a set of rolls. 

Betts later found that the addition of small amounts of certam materials to a fluo- 
Bihcate electrol>te caused the production of a solid lead deposit, gelitin, glue, pyro- 
gallol, saligemn, and resorcin gave good results with the fluosilicate electrolyte, but 
did not improve the deposit from acetate electrolytes Gelatin and glue were 
found to be the cheapest and gave the best results, as little as 1 part of gelatin to 5,000 
parts of solution gave a solid cathode deposit having the same specific gravity as cast 
lead. Betts also found that certain acids, such as fluosilicic, fluoboric, dithionic, fatty 
sulphunc acids, as ethyl-sulphunc acid, phenol-sulphonic, and benzene-sulphonic 
acids, gave soluble lead compounds and made electrolytes of high electrical conduc- 
tivity Mather* proposed to use perchlonc acid with organic addition agents 

Blectrocheniical Data. — The amount of lead deposited per ampere-hour at 
100 per cent current efficiency is 3 8590 g , which is equivalent to 0 20418 Ib 

1 Chemical and metallurffical engineer. Baltimore Md 

' Watt and Philip ' Elcrtroplating and ElrctrorefininK '* 

* Compt rend , laS. (1800), 1476, 2 Electrochem , S, 02 310 341 

« 2 SUctroehem , T. (1900), 366-360, 381-386 

* Bsttb, AG,* Lead Refining by EleotroJysia," 1908 

* Proc Am Eleotroohem Soo , IT, 261 
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per ampere-day, and 204.18 lb. per kiioampere-day. The approxidaate e.ia*f^ 
of solution of the different metals usually associated with lead for jSuosilicate 
solutions is given in the following table ^ 




Volts 

VOL!(» 

Zinc 


-fO 52 Antimony 

-0 44 

Cadmium 

• 

-fO 16 Bismuth 

-0 48 

Iron 


+0 09 Copper (ic) 

-0 62 

Jiead 


—0 01 Silver 

-0 97 

Tin 


—0 01 Mercury 

-0 98 

Arsenic 


-0 40 



Zinc, cadmium, and iron have higher e m f 's than lead, and therefore would tend to 
dissolve and not be deposited from Ihe electrolyte, while As, Sb, Bi, Cu, Ag, and 
Hg, having lower electromotive forces than lead, would tend to remain insoluble and 
go into the anode slime, tin, having the same e m f as lead, would dissolve and be 
deposited with the lead This has been found to be the case in practice 



1 10 1 — Fleet rolyte resistance curves 


An anode of composite metals is not a mixture of metals from which one or more 
metals may be dissolved, leaving the other metals in the pure state, but a mixture of 
different compounds of the metals Hence, there is not the full difference in e m f 
between lead and the other metals, as is shown by the above table The e m f of 
solution ot a lead-antimony alloy, for example, is nearer zero than that of pure anti- 
mony, but IS sufficiently below that of lead to effect a separation. 

Conductivity of Electrolytes. — Fused eJectrol 3 i;es have been proposed for 
the refimng of lead Borchers* suggested a fused mixture of lead chloride and lead 
oxychloride in cells arranged with a series of grooves over which the molten crude 

1 hoc eU , ‘ Lead Refining by Llectrolyais ” 
s ‘ Electrometallurgy/' let Eng ed , p 338 
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lead was allowed to flow as the anode. The cathode was made of iron and the 
collected lead ran down the cathode to a separate collecting space. Ashcroft^ 
proposed to make molten lead in a pot the anode, and to rotate a metal cathode in 
the fused electrolyte, above the surface of the anode. He claimed the deposited 
lead would be suspended by the action of the magnetic field, instead of dropping 
back into the anode metal. No commercial applications of these processes are 
known. 

Holts found that, within limits, an increase of lead content had little effect upon the 
resistance of fluosilicate electrolytes; increa.sed acid cont(‘nt and increased temperature 
both decrease the resistance. (Jurves No. 1, 2, and (Fig 1), are plotted from his 
work. This figure gives the resistance in ohpis p(*r cubic imdi for electrolytes 
containing 40, 80 and 120 g. of lead i)er liter, with varying content of HiSiFe. 

Impurities in Electrolyte. — The only metals which tend to accumulate in the 
electrolyte are iron, zinc, nickel, and cobalt, h'ortnnatcly, those metals are 
not present in lead bullion to any groat extent, or, if present, they can be elimi- 
nated readily by a simple drossing operation before the bullion is cast as anodes. 
Operating experience over a number of years lias demonstrated tlVat there is no 
tendency for injurious imjiurities to collect in the electrolyte, hence no electrolyte 
purification system has beiui found necessary. 

Acid Loss. — The acid loss in electrolytic ndining of lead varies froiri 15 to .30 
lb. of II'iSiFfi p(‘r ton of lead. This loss is caus(‘d in part by the decomposition of 
H 2 SiF 6 at the anode, which may amount to as much as 2 to 3 lb. per ton of lead; 
partly by volatilization of HoSih^s in the evaporation of wash watcTs; jiartJy by 
leaks in the tanks and circulation system; partly by drippago in removing the 
anodes and cathod(‘s from the tanks; and by the acid retaiiK'd in the anode slime 
as a result of imperfect washing. The la.'t item, undi'i* normal operating condi- 
tions, causes the heaviest loss of acid, it often being found more economical to 
allow a small amount of soluble lead and acid to remain in the slime rather than 
to use au excessive amount of wash water, which must tlion be evaporated. 

Manufacture of Electrolyte.- The first slop in the manufacture of the fluo- 
silicate electrolyte is the production of liydrofluoric acid, (bound high-grade 
fluor spar and Ob® H6. sulphuric acid are mixed in the apjiroxiniati' pr(>])ortions of 
2}«2 lb. of fluor spar to 3 lb. of acid, placed in a cast-iron or cast-^eol retort, and 
heated gently at the start of the oj^eration to jirevent foaming of the charge. 
As the reaction proceeds, the teniperatun^ of the retort is gradually increased. 
The hydrofluoric acid passes to condensers as a gas and is absorbed by water 
in the condensers. 

The hydrofluoric acid is next converted into hydrofluosilicic acid. This was 
formerly done in lead-lined or wooden tanks equipped with m(‘chanieal agitators, in 
whieh the hydrofluoric acid and pure silica sand wore stirred until the reaction had 
been completed, n’his method has now" been .superseded liy the Knorr* percolation 
system. Kiiorr used a series of two or three deep lead tanks arranged in cascade and 
filleti with pure silica sand. Each tank was equipped with a water-cooled coil placed 
at or near the bottom in order to control the temperature. The hydrofluoric acid was 
fed slowly to tlie bottom of the first tank and allowed to percolate up through the bed 
of silica; overflow'iug the top of the first tank, the acid passed to the bottom of the 

1 Blectrochtm. Met. Ind., 4 , ^57. 

* Personal notes, Aus. K. Knorr. 
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second tank to percolate up through the second bed bf silica; and then through the 
third tank m the same manner. The acid leaving the last tank earned only traces of 
free HF 

The hydrofluosihcic acid can be converted into lead iluosilicate by either of two 
methods The hr&t method consistb m the olectrolywa of the acid with lead anodes 
and cathodeb boparated by a diaphragm Approximately 1 25 volts are required per 
cell The anodcb dissolve e\ ciily and only a small amount of black spongy lead is 
deposited on the citliodes Tht electiohto pnidueed by this method is clean and 
gives a good deposit at the start of the legulai tlectroljsis The second method of 
preparation of Icxd fluosiluate is to idd the requiied amount of lead to the hydro- 
fluosilicic acid 111 the foim of i^hite lead or basic lead carbonate The lead content of 
the electrolyte is increased m the oidinar> k fining operations by allowing the regular 
electrolyte to dnp through a t ink cy tower filled with shot lead, air ib generally forced 
through the shot lead to assist m con\(rtmg the load to a soluble foim HaSiF* is 
added, when m ( i ssary, to m nnt im the d( sin d aeidit v In le ul refining the tendency 
IS to plate lead out of tlie ele( tiol\t<-, the reverse ib tnie of eoppei lefmmg 

Anodes. — The lead bullion toi lehiiing is cast in the form of anodes, a pair of 
lugs being generally cast as put of tlm anode These lugs servo to support 
the anodes in the electiolytu tinks and one of the lugs rests on the bus bar or 
tnangle bu, tliereby nuking the electrical contact Cast non is the material 
used 111 the t onsti uction of 1 he anoch molds Hoth open and closed typob of molds 
have been used The anodes uscmI at tin jiLint of the U S Smelt mg Lead Refinery, 
Inc , at Fast Chi( igo, Ind , aio 24 }>> 1() in incl about 1 25 in. thick at the top 
and 1 125 in thuk at tli(‘ bottom They wengh ajipioMiuately 4b0 lb each. 
The anocU's at the ul, 14 C , jiLnit of the Consolidated Mining & Smelting Co. 
of C.in ida an ibout 2() hy 11 ') in and taper fiom 1 25 in at the top to 1 in at 
the bottom in thukiKss, md weigh sligJith more than 380 Ib eadi 

Cathodes. -Thin sluat^ of pure U id, slightly larger than the anodes, hung 
fiom coppci (ross-iods ue used as the cathodes These sheets are made by 
pouring molten l( ad ou i an incIiiHd rast-iion plate of the jiroj^ci size and shape 
As the molten Ic id flows o\(r the pi ite, the lead solidifies in a thin, even sheet, 
the exee'ss molten l(‘ad flowing ovti the sides and bottom eif the plate. These 
sheets, which we igh fienn 10 to 1 5 lb cae li, aie foleled o\eT a eopjier e*ross-rod and 
aie fastei cd bv punching oi edectne spot weleling. The lead cathe)de*s are very 
flimsy and must lx sti ughte neel bcfoie being plaex^d in the clcctiolytic tanks. 

Electrolytic Tanks.- Weiodcn tanks, lined with I4 m of an asphalt mixture, 
have gi\ en the most s itisfae toi y sei \ le e The asphalt lining should be somewhat 
elastic to withstand shocks ind temperature changes, and should still have a 
softening peunt sufficientlv abo\e the ojx^iating tempeTature of the edeetrolyte 
in ordei to jn event the lining from floating loose The tanks are sujiported on 
timber frames, buck, 01 conciete pieis. Heavy glass plates on the top of the 
supports giv e the necessarv insulation. 

Two systems of tink urangement hive been used: the cascade, and the Walker 
sv stems The Trail plant uses the cisrade s>stem m double rows of five, six, and 
elev en tanks, while the L ist ( hx igo plant uses the Walker system of four tanks to a 
section The 4A ilker svstcin poimils of a eonMclerable saving m bus-bar copperas 
eompaied with the cascade svstcin as copper tiiangle bars of small cross-section 
are used to conduct the cuncmt from the cathode cross rods of one tank to the anodes 
of the next tank Bus bars are used only at the ends of the sections. 
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Electrolyte Circulatioii.— At Trail, the electrolyte enters the top tank in each 
cascade and Hows in turn through each tank of the cascade to the collecting laun- 
ders, thence to the pumps, which lift it to the gravity feed tank for distribution to 
the cells. At Kast Chicago the electrolyte passes through the four tanks of a 
section to the launders, is then pumped to a cooling tank, and is finally returned 
to the cells. The temperature of the electrol 3 die is held at 38 to 40®C. The rate 
of circulation is from 2}^ to 4 gal. of electrolyte to each set df tanks per minute. 
The return launders are usually made of wood, asphalt lined; wood stave pipe 
has been proved to give good service. Bronze or copper centrifugal pumps and 
copper pump lines withstand the action of tlie clcctrol3d;e satisfactorily. The 
feed lines are made of hard-rubber pipe and the connections between tanks are of 
both hard and soft rubber. * 

Tank Management. — The tank-house crane lifts a tank load of anodes from a 
storage rack and lowers them into a tank in such a manner that one set of anode 
lugs rests on the positive bus bar or triangle of the tank, while the other set of 
lugs rests on a wooden bearing strip on the opposite side of the tank. The cathodes 
or starting sheets are then placed in the tank by hand, the cathode cross-rods mak- 
ing contact with the negative bus bar or triangle of the tank, but not touching 
the anode bus bar or triangle at the iKisitivc side of the tank. When a section 
has been completed, the current is turned on by unbolting and removing a bus- 
bar shunt. 

The anodes usually remain in the tanks from 4 to 11 dnys, while the cathodes are 
removed at the end of 4 to 0 days and new starting sheets are placed in tlic tanks to 
receive the deposit for the balance of the time. The scrap anod(*s removed from the 
tanks amount to from 18 to 25 per cent of the weight of the anodes. 

At the end of the refining period the cut-out shunt is bolted across the bus bai-s and 
the crane lifts a full load of cathodes from the tanks and carries them to a wash tank 
The anodes are then lemoved as one crane load and placed in the anode ashing tanks 
or machines. The «dectroly te is siphoned from the tank and the slime is removed from 
the bottom of the tank. The tank is then ready for loading 

The cathodes are washed with a fine spiay of waim watei to icinove the electrolyte 
and any slime which may adhere to them. The clean cathodes aie then stacked in 
piles, the cross-rods art* removed, and they arc charged to the refmed lead kettle for 
melting and casting as refined lead. 

The greater proportion of (he slime formed during the refining operation adheres to 
the scrap anodes and is removed with them from the tanks. This slime is removed in 
the wash tanks by the scrap washers. This was formerly done bv men using scrapers 
and brushes, but it is now done by a machine equipped with revolving brushes. The 
washed scrap anodes are melted in cast-steel kettles and cast os anodes 

Current Efficiency. — The current efficiency will average about 90 p(*r cent of 
the theoretical figure, though higher efficiencies have been obtained over short 
periods. The voltage pt‘r tank will average about 0.40 with a current density 
of 16 amp. per square foot of cathode surface, the anodes being spaced 4Jg in. 
center to center, and with an electrolyte at 40®C. carrying 6 per cent lead and 8 
per cent free H»SiF«, The voltage gradually increases from 0.35 at the start to 
0.44 at the end of the anode life. This is probably due to the increasing resist- 
ance of the slime blanket on the anodes. The lead deposited per kilowatt-hour 
will vary from 18.3 to 21.0 lb., depending upon the current efficiency and the 
resistance. 
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Slime Treatment — The anode nlirao is collected and pumped to a bronze or 
copper filter press where the excess electrolyte is removed. The slime is washed 
with weak wash liquors and with warm water until reasonably free of soluble lead. 
It is then treated with steam in the filter and blown with compressed air to reduce 
the moisture retained by the cake to as low a percentage as possible. The mois- 
ture in the discharged filter cake will average about 40 to 45 ger cent, and, as this 
is too much moisture for furnace treatment of the slime, the moisture is reduced 
to about 5 to 10 per cent by a drying operation. One method of drying the slime 
is to load the filter cake into steel pans carried on cars, and place these cars in a 
chamber heated by gases from a fire box or by hot flue gases from the slime fur- 
naces. The slime is often diied and allowed to oxidize in the flue. 

« 

The strong liquors and wash waters from the filter press are returned to 
the electrolyte and the weak wasli wattTS are us(‘d to wash the rie\t lot of slime. Any 
excessive wash water has to lx* evaporated before returning to the el(*ctrolyte. Proper 
planning and operation should permit the utilization of all the wash water without 
evaporation. 

The dried slime is melted in a basie-lined reverberatory furnace to a slag and a 
metal. The slag contains the greater part of the 1*1), Sl>, and As, and ()nly very small 
pmportions of the Ag, Au, Vu, Te, and Ifi carried by the slime; it istajiped from the 
furnace. The inc'tal remaining in the furnaee still contains .some PI), Sb, and As; 
these are slagged by a carefully controlled oxidation, leaving a metal conijio.sed of Ag, 
Au, Cu, 1 V, and Pi, with only traces of Pb and Sb. This metal is usually transferred 
to a second reverberatory furnace, in which tlie Pi, Cu, and Te are oxidized 
and removed as an oxide .slag; the gold-silver alloy remaining in the* fin nace is refined by 
air and niter to dor6 and is ca.st in the form of plates suitable for parting. 

The lead-antimony slags are retreated in a residue or desiK eii/ing furnace to remove 
the small amounts of An, Ag, Cu, IV, and Pi eontnined, and the desilverized .slag is 
sent to the blast furnace for reduetion to antimonial lead. The bj‘'muth-copper- 
tollurium slags are retreated for tin* recovery of tlie bismuth, coppi'r, and other metals 
of value. 

The furnaee treatment of anode slime volatilizes (‘onsiderable arsenic, antimony, 
and lead, together with small amounts of the other metals in the slime. Sorm* method 
for the eollection of this fniiK'd matiM-ial is neee.ssary. Wet scrubbers, liiig houses, 
and Cottrell precipitators have been tried, but the best results have been obtained with 
the bag houses and (\)ttrells. The recovered fume or dust is retr(‘ated iii the desilver- 
izing furnace, yielding a dc.silveriz(*d lead-antimonv slag, and a metal carrying the Cu, 
Bi, Te, Ag, and Au. This nu^tal from the desilverizing furnace is reworked in the 
slim es-mel ting furnace, wit !i .slime charges. 

Wet Methods for Slime Treatment. — A largo nuinbor of wet methods have 
been sugge'stod for the treatment of lead anode .slime, but most of them have 
proved to be of little commercial value. McMab,^ at the Trail plant, trcatixl 
the press slime with caustic .soda to neutralize any free acid remaining in the slime, 
with sulphur and a solution of sodium sulphide, or siient liiiuor from the antimony 
cells. This treatment extracts approximately 80 per cent of the antimony in the 
slime and only a small proportion of the arsenic. The sulphide solution, con- 
taining about 3.5 per cent of antimony, w’as siphoned off to a storage tank and 
passed through a series of antimony depositing cells. These cells were made of 
steel, with sheet-steel cathodes, and used regular lead refinery anodes. Ten 
cells were arranged in two cascades of five cells eacli; each cell had about 240 

I “Lead Hefining by ElootrolysiB,*' p. 323. 
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sq. ft. of both anode and cathode surface, and earned a current of 3,000 to 3,800 
amp. with a potential of 1.5 volts. The maximum current efficiency (45 per cent) 
was obtained with an electrolyte temperature of 60®C. The solution, when liv- 
ing the last cell of the cascades, contained about 1 per cent of antimony and was 
returned to the slime-treatment tank for leaching more slime. Heavy losses of 
sodium sulphide were encountered, due to the oxidation of the sodium sulphide to 
sodium thiosulphato in the cells. This loss of sodium sulphide amounted to as 
much as 30 lb. per ton of lead bullion treated. 

The lead anodes were used for about 10 days and then had to be renewed because 
of the heavy coating of sulphides on them. The cathode deposit was allowed to grow 
tf> a thickness of about }'^ in., and was removed from one cathode at a time by hammer- 
ing the steel cathode; the cathode c^'posit was washed, melted under an alkalineslag 
to remove arsenic, and cast as antimony bare. Tlie antimony still contained some 
arsenic, and small amounts of gold and silver. 

The slime from which the antimony had been extracted was dried, roasted at a 
low temperature, and lea(!hed with dilute sulphuric acid for the removal of the copper 
and some of the silver. The silver w'as precipitated on metallic copper, and the copper 
recovered as the sulphate by crystallization. The residue from the sulphate leach 
was melted in a basic-liniHl reverberatory furnace, using silica as a flux, the gold and 
silver eventually being recovered as a dor^'i suitable for parting with sulphuric acid. 
This process proved to be uneconomical and was discontinued in favor of the direct 
smelting of the anode slime. 

Ferric Sulphate Treatment. — Several methods of slime treatment have been 
proposed, in which solutions of ferric sulphate were to be employed. Ferric 
sulphate solutions react with slime very readily; metallic copper and cuprous sul- 
phide are converted to copper sulphate; metallic antimony to hydrated trioxide 
of antimony; arsenic to arsenic acid; bismuth to basic bismuth sulphate; 5nely 
divided lead to lead sulphate; and, if the reaction is carried on at or near the boiling 
point of water, silver is converted to silver sulf)hate. The complete conversion of 
silver to silver sulphate is difficult because of the reducing action of the ferrous 
sulphate formed in the reaction. 'J'o dissolve approximately one-half to one- 
third of the silver reciuires a great excess of ferric sulphate; it is, therefore, much 
simpler to use only sufficient ferric sulphate to oxidize the other metals, leaving 
the silver insoluble. The chief difficulty of this method is the regeneration of the 
ferric sulphate solutions. 

Sulphuric Acid Treatment. — ^E. F. Kern^ proposed to roast a mixture of slime 
and sulphuric acid and to leach the roasted product with water for the removal of 
Cu, Hi, some of the Ag, and As. If sufficient sulphuric a(‘id was used, the sul- 
phates of Cu, Ag, Hi, and Sb were formed in the roasting ojieration ; the antimony 
sulphate decompostKl and became insoluble upon contact with water in the leach- 
ing operation. The antimony was to be extracted from the leeched residue by 
means of hydrofluoric acid, and was subsequently to be recovered by the elec- 
trolysis of the fluoride solution. The final residue was to be smelted and refined 
to dor4. 

F. C. Ryan* proposed to mix washed anode slime with sodium carbonate and to 
subject the mixture to a low-temperature roast, followed by a hot-water leach to 
remove As, 8e, and 8. The leached residue was then mixed with a quantity of 66°B4. 

>E. F. Kern, V 8. patent, 803601. 

s Private notes. 
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sulphuric acid equivalent to the weight of the slime used, and was reroasted at a 
moderate heat until a definite color change had taken place. This color, which indi- 
cated the end point of the roasting operation, was a purplish gray and the color 
change was very sharp. The roasting temperature was just below the temperature at 
which sulphuric acid fumes became heavy. The roasted mass was then leached with 
water for the removal of copper and some of the silver. The silver was precipitated 
from solution as the chloride with a solution of common salt, and the copper was 
recovered from the clear liquor by precipitation on scrap iron. 'I’he silver chloride was 
washed and reduced to metallic silver by the action of metallic zinc or iron and dilute 
hydrochloric acid, was melted, and then cast as fine silver. The fine silver produced 
by this process always carried some As, Sc, and Tc, and had to bt‘ given a refining. 
The residue from the sulphate leach was washed and leached with hydrofluoric acid 
for the extraction of the antimony, the antimonjr being recovered by the electrolysis 
of the fluoride solution. The final residue was reduced to a dor<S for parting in a basic- 
lined reverberatory furnace. This process pn)ved to be costly; it required the 
handling of large volumes of solution in order to keep the ndatively insoluble silver 
sulphate in solution, and gave a final residue containing silver, gold, and lead sulphate, 
which is difficult to reduce to a dor^ suitable for parting. This last objection 
is common to all processes in which the lead is converted to the sulphate form. 


The Betts Process. — The Betts process is the only electrolytic process used for 
the commercial refining of lead bullion. It has been used at four plants: Con- 
solidated Smelting & Befming Co., Ltd., Trail, B. C.; U. S. Smelting Lead Refinery 
Inc., East Chicago, Ind.; American Sineiting & Refining Co., Omaha, Neb.; 
an English Company (no data available), Newcastle-oji-Tyne. The process has 
been in operation since 1902, producing the highest grade of refined lead from lead 
bullions which do not yield good results when treated by the Parkes process. The 
Betts process is particularly adapted ff)r the refining of bismuth-bearing bullions. 
The Betts process cannot comjx'te with the Parkes process in the refining of lead 
bullion such as that prtxluced from Missouri and Oklahoma ores, except where 
extremely low pawer rates and very high fuel costs prevail. 

Metallurgical Data. — The following data^ represent the average of 15 months^ 
continuous operation at the East Chicago, Tnd., plant. 


Weight of bullion tr(‘atcd per month . ... 

Weight of cathode deposit per month. . . . 

Weight of scrap anode rcinelted .... 

I*er cent of anode as scrap 

Weight of by-product lead to anode ketth*. 

Weight of dry slime produced ...... 

Average cm rent at switchboard 
Average voltage at switchboard (Ifil tanks m s('ri<‘h) 
Average pounds of lead per kilowatt-hour 
Average number of tanks in circuit . 


2,051 89 tons 
1 , 964 1 .‘J t(jns 
402 10 tons 
19 65 per cent 
37.91 tons* 

93 24 tons 
1,235 anij). 

72 volts 
IS 1 lb. 

161 


* Personal notes 

“ The by-product lead came from the blast-furnare smelting of by-products and carried heavy silver 
and bismuth values. It was not fed to the anode kettle at a uniform rate, h<‘noe the silver and bismuth 
in the slimoB do not agree with the silver and bismuth in the bullion. No assays of this material are 
available. 
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Assay oh’ Bullion Trratbd 



Aveiage 

Maximum 

Minimum 

Load, per cent « 

97 60 

97 83 

97 33 

Silver, onnees per ton 

143 23 

167 40 

119 30 

Gold, ounces per ton 

1 635 

2 010 

1 230 

Ihsmuth, per c ent 

0 291 

0 370 

0 219 

Gopper, per eent 

0 055 

0 070 

0 030 

Arsenic, per c out 

0 352 

0 680 

0 140 

Antimony, per e(‘nt 

1 OSO 

1 250 

0 760 

Tellurium, per ( ent 

0 023 

0 029 

0 009 


Arsa-y of Ri-hn>d Lead 



Average 

Maximum 

Minimum 

Lead, per cent (differoiK ( ) 

99 9S 

<)9 99 

99 97 

Silver, oiuu es per ton 

0 3() 

0 02 

0 21 

Gold, ouiwes per to i 

Trace 

Trace 

Trace 

Bismuth, p(‘i ( ( nt 

0 0019 

0 0040 

0 0019 

Chopper, per ( ent 

0 0025 

0 (K)27 

0 0019 

Ai^nie, per ( tnt 

0 0014 

0 (K)22 

0 0012 

Antimony, pei cent 

0 0009 

0 0019 ■ 

Trace 

Tellurium, per cent 

None 

None 

None 

Iron, per eent 

0 0022 

0 0(^0 

0 0020 

Tin, per cent 

0 0040 

0 0052 

0 0016 


ASSV^ OF SlIML 



Aveiage 

Maximum 

Minimum 

Silver, ounces per ton 

3,608 50 

4,669 40 

2 748 00 

Gold, ounces per ton 

40 32 

51 79 

32 71 

Lead, per c ent 

17 87 

21 60 

12 19 

Bismuth, per c ent 

9 98 

20 34 

5 33 

Copper, per cent 

1 33 

1 80 

1 03 

Arsenic, per cent 

7 25 

15 05 

3 95 

Antimony, per cent 

28 03 

35 00 

24 24 

Tellurium, per cent 

0 78 

1 39 

0 44 


The electrol3rte earned approximately 4.5 per cent load and 5 per cent free 
hydrofluosilioic arid dunng this penod, and the average temperature was 37®C. 














CHAPTER XXXII 


THE ELECTROLYTIC ZINC PROCESS 

IJy Fredkuick Laikt^ and Husbel B. Caples- 

Definition. — The method of producing zinc by the electrolysis of solutions of 
its salts is usually referred to as the ‘'electrolytic-zinc process,” to distinguish it 
from the older pyrometallurgical operation usually referred to as the “retort 
process.” There are many variations in the apidicatioii of tlie electrolytic process, 
both as to the zinc salt to bo electrolyzed and as to the method of preparing the 
solution, but the only successful large-scale applications of the process up to the 
present time have employed dilute sulphuric acid leaching and electrolysis of 
the resulting zinc sulphate solution. These applications are cyclic processes in 
that they use the regentjrated acid in the spent electrolyte as the source of sul- 
phuric acid for leaching additional ore. Processes using zinc chloride solu- 
tions and some proposing to electrolyze fused zinc <*hloride have been tried out 
on semicommercial scales, but, with one possible exception, none has been made a 
commercial success. 

History. — It has been known for more than fifty years that zinc could be 
deposited from its solutions by electrolysis, but no attempt was made to apply 
this knowledge on a large scale as a metlnjd for producing zinc from its ores until 
about 1880. Processes employing both zinc chloride and zinc sulphate solutions 
were tried from time to time without marked commercial success until about 1914, 
when the Anaconda Copper Mining Co. at Anaconda, Mont., and the Consoli- 
dated Mining & Smelting Co. at Trail, B. C., began independent investigations of 
the process as a means of solving the problem of treatment of complex ores 
occurring in their respective districts, Botli were sufficiently successful to justify 
the erection of small test plants, which were rapidly enlarged as the war demand for 
high-grade zinc developed. Later, the Australian zinc producers were attracted 
by the successes of th(*s(* companies and, after a thorough investigation of the 
process and of the results obtained, have built a plant at Hobart, Tasmania, for 
the treatment of concentrate from the Broken Hill mines. 

The plant of the Anaconda (Copper Mining Co. at Anaconda was more of a pilot 
plant for the development of the process than a coniiiK^rcial unit, but before dismantle- 
ment was producing more than 25 tons of zinc per day. A plant having a capacity of 
100 tons of zinc per day was constructed at Great Falls, Mont., near the source of 
IK)wer, in 1916, and shortly after this plant started operations the plant at Anaconda 
was shut down and dismantled. The capacity of the Great Falls plant has been 
steadily increased until it is now capable of producing 300 tons of slab zinc per day. 

The plant of the Consolidated Mining & Smelting Co. at Trail has been enlarged 
until it now has a capacity of nearly 200 tons of zinc per day, and may be further 

1 Metallurgioftl manager, Anaconda Copper Mining Co , Anaconda, Mont. 

* Aanistant general Huperiniendeni, Great Falls Reduction Department, Anaconda Copper 
Mining Co., Great Falls. Mont. 
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enlarged in the near future. A new concentrator for the treatment of ore from the 
famous Sullivan mine has just been completed and can supply sufficient concentrate 
for more than the present capacity of the electrolytic plant. 

The Electrolytic Zinc Co. of Australasia, whose plant is at Hobait, TasmaniEi 
first leased and operated the small test plant at Bully Hill, Cal., using concentrate 
shipped from its mines in Australia. Later, a pilot plant was built and operated at 
Hobart, and at the s^me time construction was begun on its present plant, having a 
capacity of about 150 tons of zinc per day. 

These three plants produce practically all of the electrolytic zinc production of the 
world at the present time, and all employ sulphuric acid leaching followed by electroly- 
sis of the resulting zinc sulphate solution, using a current density of about 30 amp. 
per square foot of cathode surface. There are, in addition to these, the plant of Brun- 
ner, Mond & Co., at Winnington, Ijjnglaiid, and some small plants in Japan and in 
Europe, about which little is known. During the war, many small plants came into 
existence, taking advantage of the high prices prevailing for grade A zinc, but none of 
these is now operating. The plant of Brunner, Mond & Co. is really a by-product 
plant, electrolyzing a zinc chloride solution, and has operated for about twenty-five 
years. 

There is little doubt that the reason for the failures of the earlier plants using 
sulphuric acid leaching was the lack of appreciation of the very liigh degree of purity of 
solution required for successful electrolysis of zinc-sulphatc solution. As soon as 
tins fact was established and suitable methods of purification were developed, the success 
of the process was assured. Of course, many important details remained to be worked 
out and there is much yet to lie done 1o perfect the process, but tlie fact that, with a 
sufiicienlly pure solution, zinc could be succe.ssfully deposited from an acid solution 
gave the process sufheient promise to justify the expense of working out methods of 
purification. Tliore is now no doubt of the permanency of the process or of its 
superiority over the retort process for the treatment of most sulphide ores.^ 

Application of the Process. — The original idea in the development of the clec- 
trolytic-zinc pro(3Pss was to provide a method of treatment for the complex Icad- 
ziiic-silver fires, most of which contained some copper and iv)n and produced 
a concentrate low in zinc -80 to 10 per cent — and not well suited to the retort 
process. There is no floubt of the superifirity of the electrolytic process for the 
treatment of this class of ores, due to higher recoveries of all of the metals and lower 
opf^rating costs per pound of zinc, wliere power is available at a PfimparativeJy 
low rate. The corn'entrate originally treated at Anaconda and Great Falls con- 
tained less than 35 pf‘r cent zinc and about 15 per cent iron, and the concentrate 
now being treated at Trail, B. C. contains 40 to 45 per cent zinc and 18 to 20 per 
cent iron. 

Improvements in concentr.ation practice have made possible the separation of 
zinc and lead in many ores of this <*lass, with the production of a much higher-grade 
zinc concentrate, containing less lead and silver, and the electrolytic process has 
proved to be 8ucc(‘s.sful in the treatment of the higher-grade concentrate. Experi- 
mental work on such concentrates as those produced in the Joplin district has shown 
that a high rt'covery of zinc can be obtained and the eost of production, per pemnd 
of zinc, is much less than for those eoneemtrates which pniducc residues containing 
sufficient values in lead, copper, silver, and gold to pay the cost of treatment of the 
residue. With this class of concentrate, little residue is produ<*ed, and cbuntcrcurrent 

* For a more complete revnew of the history of the process, the reader is referred to Ralston, Olivbr 
C , "Eleotrolytie Deposition of Hydrometallurisy of Zinc," McCJraw-Hill Rook Company, Ino., New 
York; Hofman, H. O , "Metallurgy of Zinc and Cadmium," McGraw-Hill Rook Companyt Ino., N®w 
York; and School Mines Met , Umv Missouri. (Holla, Mo..) BuU., February, 1919. 
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washing may be substituted for filtration, and washing by repulping. Also, the 
absence of much copper, arsenic, and antimony greatly simphfies the problem of 
solution purification. All classes of sulphide ores can be made to yield higher 
recovenes of all of the metals contained with the electrolytic process than with the 
retort procesH, and it is only in especially favored localities that the treatment can be 
carried out moio cheaply by the retort process It is doubtful whether the retort 
process can successfully compete with the electrolytic process ip any locahty m the 
United States in the treatment of sulphide ores. 

One essential requirement of the electrolytic process is a large souice of power and, 
of course, the cheaper the better Up to the present time, the large electrolytic zinc 
plants have been located in regions having large amounts of comparatively cheap 
water power As power is the largest single item of the cost of the operation of an 
electrolytic-zmc plant, it is necessary to obtam tly' lowest rate possible, and the lower 
the rate 1 he wider the range of ores that may be treated It is not necessary in all cases 
that water power be available, because power can be generated from coal m some 
locahties and transmitted to the source of ore supply, thereby saving the freight on 



Fig 1 — Great Falls Mont zinc plant 


both oie and coal ns i ( redit to the c ost of produc ing jiower *1 he imount of cxial and 
coke reciuiied by a retoi t plant using coal for fuel is just about sufluKuit to produce the 
powei required for an elect lolvtic -zinc plant of equal capacitv Within reasonable 
distances, it is cheaper to geneiatc the power required it the source of fuel, and trans- 
mit the pim er, than it is to ship the coal Water powei is in most eases cheaper than 
power generated from coal, but usually must be developed in large units As the 
electrolytic process requires a large amount of power, some possible sources of water 
power, now undeveloped, due to lack of sufficient demand nearbv, may eventually he 
developed for the location of electioly tic-zine plants The total power requirement 
in order for a plant to produce 100 tons of zinc per day is about 20,000 hp 

From the standpoint of labor requirement and working conditions, the electrolytic 
process is far superior to the retort pro<*ess For the production of 100 tons of zinc per 
day from a concentrate contaimng 55 per cent zinc, less than 200 men are required, 
and a high percentage of these are comparatively unskilled labor The working con- 
ditions in an electrolytic plant compare favorably with the best of industrial plants 
and attract a high class of labor, making for a steady supply of labor of more than 
average efficiency. 





THE MLECTBOLYTtemHC HROOB8S lOSS 

The cost of construction of an olectrolytic-zinc plant is necessarily high} due to the 
amounts of copper, lead, and aluminum required for bus-bar hnes, electrodes, electrode* 
support bars, solution piping, acidproof pumps, and other acidproof equipment. The 
large installation of electrical equipment lequired is also a heavy item of expensct 
The comparatively high salvage value of an electrolytic plant offsets the heavy first 
cost No more monev need be spent for buildings for an electrolytic plant than for 
a retort plant, the difference in coat being largely for equipment contained m the 
buildings Crediting the salvage value of an electrolytic plint over that of a retort 
plant, the ultimate difference m cost of plant will be little, if anv, in favor of the 
retort plant 

Grade A zinc is the normal product of an electrolvtic plant and commonly 
commands some premium over the lower grades The iron content is less than 0 005 
per cent and the lead content i^^ usuifllv less than 0 05 per (cnt, the cadmium content 
IS controlled by the extent of the purification of solution piior to electiolysis It is 
possible to produce zinc of any specified analysis, virying cither the lead or cadmium 
content to suit the customer This is a natural selling advantage for the electrolytic 
plant and is certain to affect the disposal of ordinaiy “Prime Western” as the procluc* 
tion of electrolytic zinc increases 

The high recovery of metals other than zinc by the electrolytic process, and the 
comparatiyoly small amount of rc^sidue produced, will, m some cases, result in the 
pioductioii of residue of sufhcic nt value to pay the cost of treatment, while, if the retort 
process had been employed, a residue of no value would have bc^en procluc ed A high 
iccovcry of lead from elect roly tic -plant residue may be obtained by brine leaehmg, and 
at a moderate cost as the residue recjuins no further prep nation for brine leaching 
With some ores, the credit fiom lesidue may amount to a laige item in favor of the 
electrolytic process 

Coinbmations of cm umstances are possible that will eliminate either the electrolytic 
or the retort process from consideration f(*r the treatment of the ores from any gtven 
locality, but the development of the eke trolytic piocess has piogie'ssed to a point where 
It must be seriously considcrenl and should be thoroughly investigated before finally 
adopting a method of treat ment foi any < 1 iss of ores in any loc ality * 

The large amount of soluble silu i in caibonate and silicate ore's is decidedly 
detrimental to the ckctrohtie process, m ikmg the separation of residue and solu- 
tion a difficult problem Not a gn it deal of c xperiinc ntul woik has been done on tins 
class of ores with the electrolytic process, but liter the process his bee ii siica c'SHfully 
applied to ocher classes of ores it is probable th it some method eif handling the oxidized 
ores will be woiked out It is only n ituial that, ivitli the diflie ultic^s encountered in 
the treatment of sulphide ores, any other c lass of oies pre sentmg additional problems 
should be k'ft alone until the simple r probk ms have been suceessfullv solved. Great 
progress has been made in hindling soluble silica m connection with the treatment 
of sulphide ores, and there is no reason to believe that larger quantities of soluble 
silica will not eventually bo suitably controlled to permit of the application of the 
electrolytic process to the silicate and carbonate ores 

The electrolytic-zinc process is particulirly suited to the treatment of concentrate 
produced by the flotation process, as finely ground calcine is essential to successful 
leaching, and the smaller the size of the particle to be roasted the lowc r the temperature 
necessary completely to eliminate' its sulphur content A constantly mci easing pesr- 
centage of zinc concentrate produced is flotation concentrate, espc'Oially since the 
quite general application of selective flotation to ores containing both zme and load. 

Outline of Process. — broad division of the process groups the necessary 
operations under three headings (1) preparation of ore or concentrate for leach- 
ing* (2) treatment of roasted ore or concentrate to produce a pure solution of th^ 
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zinc salt to be electrolyzed; (3) electrolysis of the pure solution to produce metallic 
zinc and to regenerate the leaching solution. 

Preparation of Concentrate for Leaching. — For concentrate containing zinc 
Bulphide, tliis step comprises roasting to convert zinc sulphide into zinc oxide or 
zinc sulphate as the essential result. The conditions under which roasting is 
carried on also control to some extent the solubility of iron, popper, and silver in 
the leaching solution. Roasting is primarily the most important step in the proc- 
ess, as the ix)ssible recovery of zinc is entirely dependent upon the degree of 
I)erfection of the roast, when dilute sulphuric acid leaching is employed. Other 
methods than roasting may be employed, but are not commercially feasible at 
the present time under ordinary conditions. 

Production of a Pure Zinc Solution. — Preparation of pure zinc sulphate solution 
and leaching with dilute sulphuric acid (10 to 15 per cent) is the only successful 
application of the process so far developed and is the only aj)plication to be de- 
scribed fully. Not only zinc, but many other metals, if present in the concentrate, 
are dissolved by dilute sulphuric acid, and most of the metals other than zinc 
must be removed from solution to insure successful electrolysis. This division 
of the process is really a combination of several steps: leaching to dissolve zinc, 
separation of solution and insoluble residue, puiification of solution, and clarifica- 
tion of solution. This is the second most important step in the j)rocess, as, given 
I)erfect roasting, the recovery of zinc is dependent upon i)f()j)er leaching and filtra- 
tion, and the electrolysis of zinc suli)hate solution is dep(*nd(*nt upon proper puri- 
fication of solution. 

Electrolysis of Solution. — The essential factor in th(‘ successful carrying out 
of this step is the purity of the solution to he electrolyz(‘d. IVobably no other 
process operating on a large scale reciuires the same degree of purity of solution 
as the electrolytic-zinc process. Other factors having more (jr less influence on 
this step are ten^peraturc of electrolyte, current density, ratio of zinc to acid in 
electrolyte, period of deposition, and purity of electrodes. Lead anodes and 
aluminum cathodes are used, and usinilly not more than 30 amp. per square foot 
of cathode surface. Neutral or slightly basic solution is fed to the cells and for 
each unit of zinc deiK)sited aj)proximately one and one-half units of acid arc 
regenerated. All zinc in solution is not deposited— usually not more than 75 
per cent — and the sj)ent electrolyte, containing approximately 25 per cent of the 
zinc brought in in the cell feed and the acid regenerated by the de})osition of 75 
per cent of the zinc, is returned to the Ipaching division. The zinc deposit is 
removed at the end of regular periods and is melted and cast into slabs. 

The simple chemical reactions involved arc: 

ZnS + 30 = ZnO + SO2 
ZnO -f- SO2 + O = ZnS04 
ZnO -f }T.iS04 = ZnS04 + ILO 
ZnS04 + H2O 4- direct current = Zn -}- 112804 + O. 

In addition to the divisions of the process outlined above, there might be added a 
fourth, treatment <»f residue. As the electrolytic-zinc process is particularly applicable 
to the complex ores of the western stales, there is in nearly every instance sufficient 
value in the residue to require some method of treatment. 

The great variety of ores to which the process is applicable, results in production of 
several classes of residue requiring more than one method of treatment to produce the 
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greatest possible return from each class. In some cases lead smelting is the best 
method of treatment; m others, copper smelting; in others, a wet method, and in some 
a combination of methods, is the most satisfactory treatment. 

Roasting. — All electrolytic-zinc plants now operating are using a modi:fied 
Wedge furnace. The most common type is 25 ft. in diameter inside the shellf^ 
with seven roasting hearths and a top hearth for drying the feed. A 5-ft. diam- 
eter, brick-covered, hollow, revolving center shaft carries twenty-six cast-iron, 
water- or air-cooled arms; four for each the drier and first hearths, and three for 
each of the remaining six hearths. The shaft is supported on a step bearing, and 
is revolved by a bevel pinion driven through a sot of reducing gears. The speed 
may be varied from one revolution in 1 niin. to one revolution in 4 min. Water, 
or air, for cooling is delivered to the arms through a column revolving with the 
center shaft and connected to the main bj'^ a swivel joint. Fire boxes are placed 
on either the sixth or seventh hearths, usually two boxes to a furnace, spaced 
180 deg. apart. 

Coiiccntriito is fed by an apron feeder, diiven from the revolving center shaft, 
which discharges on th(* outer edge of the dner heartli. It is {idvanced across the 
drier hearth by means of rabbles oi rakes f istened to the arms, and drops thiough holes 
on the inside of the hearth to the next health below, the firsl roasting Iiearth. Hakes 
on the arms on iliis hearth are set to move the mateiial outward and, wlien if reaehes 
the eiicumfeience of this hearth, it falls through drop holes onto the next Iiearth, and 
so on down llirough th(‘ funiace and into two steid hopjiers piovided for temporary 
storage for calcine Those hoppers diseh iige into conveyors or into ears for removing 
the calcine. At Trail, a conveyor made of lengths of east-iion pipe with a 8cr(‘w- 
conveyor flight cast on the inside and mounted on roll(*rs is used to carry calcine from 
the roasting furnaces to the leaehmg plant The gases jiass upward through the drop 
holes until the first loastmg hearth is leadied, where uptake flues lead to the main gas 
flue, or offtakes may be provided from moie than one hearth, thereby giving better 
control of tempeialuie on tin* difftient hearths without admitting too mueli excess air. 

Konsting flotation coiuentiate in this t\pe of furnace is piodiietive of a large 
amount of flue dust, which must be collected and ietiirin*d to the fuiiiaees. At 
(beat Falls, the old flue system ])Uilt for copper-smelt mg opi^atioiis is used and a very 
satisfactory eleaianco of gases is olitained. At Anaconda and at 'J'lail, C\)t troll 
treaters are used ami give nearlv perfect ( Icar.ince 

The materials to be treated are flotation oi fine table eoncentrati" o\ei .50 per cent 
of which will pass a 200-mesh screen— flue dust, and < nished ( alcine lumjis. In firder 
to keep down the amount of flue dust to be retieated, the gas volume must be kept at 
a minimum by carefully regulating the door openings on each hearth to give only the 
amount of air meessary for roasting and for cooling the upper hearths. The gas 
leaving a furnace is saturated witli dust particles of a given weight or less, the maximum 
weight depending upon the velocity of the gas. As the x^ekx ity d(X reasi's, the weight 
of particles decreases miuh miire rapidly and the total amount tliat can be carried 
decreases. By returning all flue dust to one furnace, or more if necessary, and cutting 
the gas volume on these furnaces as low as possible, the amount of dust recirculated is 
kept at a minimum. 

The capacity of one of this type of furnace varies widely with the class of material 
being treated, being greater for complex, low-zinc concentrate than for higher-grade 
concentrate. The normal limits are from 35 to 45 dry tons of new feed per 24 hr. 
The limiting factor for tonnage of low-zmc, complex concentrate is the ability to cool 
the upper hearths without undue production of flue dust. In general, the higher the 
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sine content of the concentrate the more slowly the roast progresses and the smaller 
the capacity of tlie furnace. In addition to the concentrate tonnages given, a furnace 
will roast its proportion of flue dust and crushed calcine lumps. 

Lump coal, pulverized coal, and oil are the fuels commonly used, but probably the 
most satisfactory fuel would be gas. A large part of the ash irom pulvenzed coal 
settles in the furnace and flue system and eventually finds it way out in the calcine, 
where it adds to all subsequent operating costs, such as leaching, ffltration, and residue 
treatment. Fuel requirements vary with the class of concentrate being roasted, the 
observed limits being from 7 to 18 per cent of the weight of concentrate treated, when 
using pulverized coal containing heat value of 10,000 B.t.u. Oil requirements are 
about 20 per cent less than coal on a heat-unit basis of comparison. 

Object of Roasting. — Zinc sulphide is practfcally insoluble in dilute sulphuric 
acid at ordinary leaching temperatures. Zinc oxide is readily soluble in dilute 
sulphuric acid, and zinc sulphate is water soluble. The object of roasting is, 
therefore, to convert zinc sulphide as completely as possible into zinc oxide and 
zinc sulphate. Only enough zinc sulphate to supply the acid requirements of 
the plant is normally desirable, as any excess must later be discarded as solution 
to avoid building up acid in the system and thereby increasing the zinc content 
of the solution. As the acid re(iuirements of the process are small in amount, it 
is not desirable to form a high percentage of zinc sulphate, from 2 to 3 per cent 
sulphate sulphur in the calcine usually being sufficient. 'J^lie only acid losses are 
as insoluble sulphates in the residue and solution losses, chiefly as solution 
entrained in the residue. The greater the ratio of residue to calcine the more imper- 
vious the residue is to wash water, and the higher the zinc content of the solution 
the greater the loss of soluble sulphates. The higher the lead and lime contents of 
calcine the greater the loss as insoluble sulphates. Some acid is also lost as 
basic iron sulphate. 

Ferrate.-- Zinc oxide and iron oxide combine under certain conditions t(j form 
zinc ferrate (Zn 0 .Ve 203 ) which is insoluble in warm, dilut(‘ sulj)huric acid. This 
is the chief source of loss of zinc with the electrolytic process and can be prevented 
only by the careful control of roasting conditions, and then only imiierfectly. 
No set of roasting conditions has yet been perfected whereby no bu-rate is formed 
when iron is present in the concentrate. The formation of ferrate is dependent 
upon the iron content of the concentrate, the temperature of roasting, the associa- 
tion of zinc and iron, and the length of time of roasting. It is impossible accu- 
rately to predict the amount of ferrate which will be formed, from the analysis of 
the concentrate alone. Iron and lead sulphides roast at lower temperatures than 
zinc sulphide and it is possible to make a preferential roast l)y keeping the initial 
roasting temperature below 600®C., and thereby reduce the formation of ferrate. 
If the initial temperature is too high and zinc and iron sulphides are roasting on 
the same hearth of the furnace, the intense heat surrounding jiarticles of freshly 
formed ZnO and Fe20s will effect their combination. If, however, the re20i 
is formed first and the ZnO later, at a temperature of 650°C. or less, the chances of 
combination are greatly reduced. When the particles of zinc and iron sulphides 
are very intimately mixed, as in marmatite, preferential or selective roasting is 
nearly impossible and a liigh percentage of ferrate is bound to result. The only 
rule that can be given is to keep the temperature as low as possible throughout 
the furnace — ^a maximum of flOO to 650®C. — ^and, especially, to keep the tempera- 
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ture on the first two or three roasting hearths below 600®C. As the iron content 
increases^ the possibility of making a selective roast increases. IjOw iron con* 
centrate, such as that from Joplin district, roasts with complete combination of 
iron content with zinc as ferrate Figure 2 gives data taken from practice for 
roasting a low-zinc, high-iron concentrate The data given in Table 1 were 



J iG J Koistiiig low Krufh concontrates without rtturninR flue dust 


obtained m the laboratory on samples of complex concentrates from the same 
district and show that the analysis is not the all-controlling factor in ferrate for- 
mation, the sizes of particles and the intimacy of contact of particles being 
influencing factors 
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Table 1 
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No IE — Roasts made at low tfmp»raturo O-W^C. ni.i\imuin with no attempt to control 
sulphate sulphur 


Roasting Temperature. — Tlu* maximum Icniporaturps in roasting for the cloi.*- 
trolytic proce&s may be given as approximately ()5()°C. for coinjilex, low-zinc con- 
centrate and 750°('. for high-grade concentrate. The initial temperatures 
should be well under ()()0°C\ for at least one roasting hearth in treatnamt of either 
class of material. Lead suliiliide fuses without roasting, if the initial temperature 
is too high, and forms a hanl crust on the hearth under the rakes. It also coats 
particles of zinc oxide and forms lumps which pass through th(‘ furnace unroasted 
and must be s(T(*ened out of the calcine, crushed, and returned to be reroasted. 
The temperature lower down in the furnace must be raised to comjdete the roast- 
ing of zinc sulphide and to jirevent the formation of an excessive amount of zinc 
sulphate. If the temperature is raised too much, an excessive anuuint of ferrate 
will be formed. Each concentrate is a problem in itself and the best conditions 
must be determined experimentally. Figures 2 and 3 give temperatures from 
the operation of two furnaces on widely different classes of concentrate. 

Temperature regulation is obtained by varying the admission of air into the 
furnace and by varying the amount of fuel used. Some heat is lost by radiation and 
some through the cooling of arms with vvater or air. 'Fhe remainder is carried out in 
calcine and by the gas leaving the furnace. With the same zinc content, but varying 
the amount of lend sulphide and inm sulphide in the feed, very different heat problems 
will be present wl. Analyses of two concentrates and the resulting calcines taken 
from monthly averages in actual practice are given on p. 1105: 
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The difference of 4 per cent in sulphur content of these concentrates is due to 
the difference in iron content and must be eliminated on the upper hearths, requiring 
much more cooling air for concentrate A. If the lower part of the furnace is required 
to do too much of the roasting, the larger volume of hot gases from the lower hearths 
tends to raise the temperature on the upper hearths and will require more cooling air 
on these hearths. It is essential to keep the volume of gas as low as possible on the 
lower hearths if proper control of upper hearth temperatures is to^ie obtained without 
too great a total gas volume. Table 3 gives the temperatures and SO 2 analyses, by 
volume, of the gas on the different hearths of a furnace roasting low-zinc concentrate 
with excellent results, using pulverized coal for fuel 


Table 3 
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Per cent 
SO 2 
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Sulphate Roasting. — The teirn ‘‘sulphate roasting,” as commonly used in 
connection with roasting for electrolytic zinc, is really a misnomer, as it is not 
desirable to form more zinc sulphate in roasting than is requiied to offset the loss 
of acid in the leaching plant. The term was coined to apply to the s(*t of roasting 
conditions necessary to supply acid for a plant using limestone or milk of lime for 
neutralization in the leaching division, thereby greatly increasing the loss of acid 
as insoluble sulphates in the residue. Unless sufficient acid was formed in roast- 
ing to offset this loss, fresh acid was added to the system. Tlie maximum amount 
of sulphate suphur formed in practice was about 0 per cent of the weight of cal- 
cine. Ordinary roasting practice on the same class of material would give about 
3 per cent sulphate sulphur. 

The method employed to increase the percentage of sulphate sulphur was to keep 
the temperature of the furnace below 000®C. and to admit sufficient an on the first 
three roasting hearths to keep the temperature below 550°C , thereby 1 educing the 
80t content of the gas below 2 per cent on everj" hearth. At higher temperatures 
and with higher concentration of SO 2 less sulphate was formed. The presence of 
freshly formed oxides of iron also seenib to aid the formation of sulphate. The reaction 
involved is undoubtedly ZnO -}- SO 2 -|- O = ZnSO^, the iron oxide acting as a 
catalyzer. If the reaction were ZnO -f- SOa =*= ZnS04 there bhould not be any free 
SOa present in the flue gases also carrying ZnO, but the gas leaving the roasting furnace 
actually does contain some free SOa, and flue dust high in ZuO. Also it is known 
that some ZnO.FpjOa may be decomposed, forming ZnSOi, by passing SO 2 gas over 
zinc-plant residue. 
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The only real difference between the so-called '^sulphate roasting*' and nOitna! 
roasting is the lower temperature, especially on the lower hearths, and the greater 
amount of air admitted when ‘‘sulphate roasting ** This gives an excessive production 
of flue dust, due to increased gas volume passing through the furnace. The only heed 
for sulphate roasting is with concentrate or ore containing high percentages of hiae, 
barium, or lead 


Cotumn Ar Concentrate 



Experiments are being condui ted in Colorado using the Coolbaugh proce^», in 
which a high p( nentage of zinc is ((inverted to zinc sulphate A down-draft roasting 
furnace is used, giving a much higher pereentage of SO^ on the lower hearths than is 
obtained with the usual up-draft furnace This method of roasting can hardly be 
said to be part of the electrolytic-zinc process, as its use is applicable to the process 
only under conditions where a market is available for comparatively high-priced 















1108 


1 


NON-FERROUS METALLUROY 


sulphuric acid produced from the spent electrolyte, or where zinc is so cheap that the 
spent electrolyte may be wasted. 

Another process, which has been proposed as an alternative for roasting, proposes 
mixing concentrate with strong sulphuric acid and heating the mixture gradually to 
650®C., thereby converting most of the zinc sulphide into zinc sulphate and decompos- 
ing iron and copper sulphates. All soluble silica is dehydrated, avoiding any trouble 
from gelalinous silica in the leaching division. The resulting calcine is leached with 
water and the spent electrolyte from the electrolysis of this solution is evaporated to 
supply the necessary slrong acid for the decomposition of zinc sulphide. Mechanical 
difficulties have discouraged large-scale tests and it unlikely that the process will ever 
become of commercial importance. 

Behavior of Impurities in Roasting. — Varying percentages of arsenic and 
antimony are eliminated in roasting zinc concenfrates, as is illustrated in Table 1, 
probably depending upon the form in which they occur in the concentrate. 
Fortunately, most zinc ores are quite low in these impurities, as they are among 
the most injurious to the process. 

Some copper combines with iron in roasting, the combination being insoluble in 
dilute sulphuric acid. Concentrates containing high percentages of iron produce a less 
proportion of soluble copp(»r than those low in iron. Some copper sulphate is formed 
on the upper hearths of the furnace, but this is decomposed by the higher temperature 
on the lower hearlhs. 

If the leniperature of the upper hearths is too high, a conaid(‘rable percentage of 
the lead content of the concentrate is volatilized, and some of the lead suliihidc fuses 
and works into the hearth bod, forming a hard cnist. 

One disadvantage of the sulphate roast is the high percentage of soluble iron in the 
calcine, indicating that some iron sulphate is also formed m roasting. In the usual 
roasting practice the finishing temperature is high enough to break up iron sulphate, 
and most of the iron present m the calcine is insoluble in dilute sulphuric acid. Too 
much soluble iron will render the residue from the leaching plant impervious to the 
passage of wash winter, as all iron dissolved is finally precipitated from solution as 
ferric hydrate, or basic sulphate. 

Less silver is rendiTcd soluble in roasting at low temperatures than at higher tem- 
peratures but when the initial roasting temperature is too high some silver is 
volatilized. 

Chlorine, if present, is largely eliminated during roasting, as most chlorides are 
volatile at the temperature of roasting. 

Notes on Roasting. — The bedding of calcine between the rakes and the brick 
hearths is found to contain a high jiercentage of zinc sulphate, especially on the 
second, tliird, and fourth hearths. This material becomes quite hard, the hardness 
increasing with the temperature of roasting. At frequent intervals the rakes arc 
removed from an arm, a plow is put on, and the shaft is revolved, cutting this crust 
loose, so that it may be removed through the furnace doors. If allowed to stand 
in the ojicn, this crust will gradually absorb moisture and disintegrate. In 
order to avoid a too heavy formation of crusts, sand is put on the hearths over the 
brick before starting a new furnace, and is replaced about once in two years 
thereafter. 

Some lumps are formed in roasting, even w'hen temperature control is properly 
regulated, and should bo removed before calcine is delivered to the leaching tanks. 
Also, calcine should be cooled to avoid injury to employees and to remove fire risk. 



THE ELECTROLYTIC ZINC PROCESS 


tm 


At Great Falls, the Anaconda calcine cooler is used and a trommel screeh is 
fastened to the end of the cooler. The oversize from the H-in. trommel is delivered 
to a J^-in. trommel, the undersize is ground and mixed with the J^-in. trommel under- 
size, and the oversize from the ^-in. trommel is crushed and returned to the roasting 
furnaces. It has been found that the larger lumps are so imperfectly roasted in th© 
centers that reroasting will pay, but lumps smaller than i©* H in. contain insuffi- 
cient sulphides to pcy for reroasting. At Park City, Utah, the Baker cooler is used. 
At Trail, an intenial screw-conveyor system handles calcine from roasters to leaching 
tanks and no additional cooling is required. 
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Fiq. ,5. — Flow sheet, Great Falls cleet roly tie zinc i>laiit. 


Leaching and Purification. — Thase operations arc combined under one head- 
ing, as mo^t of the purification of solution is accomplished in the leaching tanks. 
When a double leach is made, the first, or “neutral,” leach is, in reality, more of a 
purification operation than it is a leaching operation. 

Equipment. — Standard types of leaching, settling, filtration, and clarification 
equipment have been adapted to the needs of the process, thereby simplifying 
the inechnical problems. Pachuca tanks are used for leaching, the size depend- 
ing upon the needs of the plant; standard thickeners are used for thickening of 
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pulp; standard continuous vacuum filters are employed for filtration of the thick- 
ened pulp; any type of mechanical agitator of large capacity will answer for 
ainc-dust purification, and standard pressure filters are used for clarification of 
solution. All equipment should be acid- and copperproof. Lead and wood are 
commonly employed for the construction of parts in contact with acid, and lead, 
copper, or bronze for parts in contact with neutral solutions containing some cop- 
per. Although this requires considerable extra capital outlay over the cost of 
similar equipment of iron or steel construction, the salvage or scrap value is a 
very high percentage of the first cost. 


CONCENTRATES 



Fia. G, — Flow sheet of Consolidated Mining & Smelting Co., Trail, B. C. 


In the larger plants, continuous leaching has been adopted as standard practice, 
to which the Pachuca tank is especially well adapted. Figure 6 shows the method of 
supporting the center air lift and of admitting air into the lift. Air under 20 to 
30 lb. pressure is commonly employed, the consumption varying from 100 to 150 cu. ft. 
free air per tank per minute to maintain sufficiently violent agitation to prevent 
classification of the pulp. The rate of flow of pulp through the series of tanks may be 
regulated by any means of partially closing the connection between tanks. The 
number of tanks in series depends upon the volume of pulp to be handled per unit of 
time and the length of time required to complete the reactions. The common size of 
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tank employed b from 8 to 10 ft. in diameter and from 20 to 30 ft. deep, with an 8- 
or 10“ft. inverted cone built into the bottom to deflect sobd particles to the center 
of the tank so that they will be drawn into the center air hft. The tank and air 
lift are made of wood and the tank staves are bound together with iron hoops covered 
with sheet lead. A lining of hard wood placed inside the tank at the elevation where 
the air-lift discharge strikes the side of the tank protects the tank staves from erosion 
and this lining may be renewed when worn through, thereby greatly lengthening the 
life of the tank proper. Each tank is provided with a bottom-discharge connection 
to facilitate cleaning. 

Classifiers arc used to separate any particles of heavy sand in the leached pulp 
before sending to the thickeners. This sand is ground and returned to the leaching 
system. 

Standard thickeners are used for the separation of solution and solids. The arms 
should have more slope than is usually given m cyanide practice and a much larger 
discharge cone foi thickened pulp should be i)rovid(‘d, ('specially foi thickeners 
handling an acid product. The tanks are made of wood staves held together with non 
hoops covered wit h lead. Overflow launders arc made of wood and are fastened to the 
inside of the tank. 

All piping and httings for the vacuum filteis are made of copper and bionze 
The drums or frames are of wood or bronze and the tanks ai(‘ either of wood, oi st('( 1 
with lead lining. For filtration of slightly acid pulp, the best filb'r co\ ei yet (hn eloped 
18 a pure, unwasluMl wool blanket, with the nap on the outside of the filtc'i Such a 
cover will not “blind*’ I'asily, as the thieails do not swell when soaked with dilute 
aeid and the nap acts as an automatic valve, closing when undci suction and opining 
and freeing the cloth when under pressure ’’riie natural ml in tlie wool piot('cts the 
fiber against the attack of dilute' sulphunc acid. The' dry-vacuum system is used, 
the solution rt'eeiver and moistuie trap being made of wood. To picve'iit some vajior 
or spray fnim getting into the vneuum pumps and coirodiiig vaht's and cvhnders, 
rcec'ivers and trails should be of cxtia-large capacity and the tiajis she uld be plated 
much higher than the vacuum would normally indicate to be necessaiy. 

Mechanical agitators with bronze or wood shafts and impcllcis aic used for zinc- 
dust purification of solution. Plate-niid-framc hltcr picsses oi wood oi bronze aii' 
used for clanf\mg the solution. Although fiee of eoppt'r and aciel, 7inc-siili)hate 
solution will cause non plate's to lUst eiuicklv, thereby plugging solution passage's 
All pumps anel sediitioii lines foi handling acid solution are made ol le'ad and those* 
handling neutral solution containing any copper are made of bronze and copjier 
No satisfactory substitute for lead for puminng and conveying acid solution has been 
fenmd. 

Leaching.— -Tho primary object of leaching is to dissolve all zinc oxide and 
zinc sulphate contained in the roasted coiicentiate in dilute sulphuric acid accord- 
ing to the reaction of ZnO -f- 112*^504 = Z111SO4 -f- II 2O. T^nfortunatoly, some 
iron, arsenic, antimony, silica, alumina, copper, cadmium, and other metals aie 
also dissolved and must be removed from solution piior to electioly.sis. It is 
necessary completely to neutralize all sulphuric acid to insure removal of most of 
these impurities. This may be done as a continuation of tho leaching operation 
by the addition of finely ground limestone or milk of lime, constituting what is 
known as ‘'smgle” leaching. It is not possible to neutralize exactly all free 
sulphuric acid and precipitate the necessary impurities by addition of calcine. 
Some excess calcine is required to complete the reactions, resulting in a serious 
loss of zinc in the residue as undi&solved zinc oxide. In order to allow the use of 
calcine for neutralization and precipitation of impurities, a leaching system is 
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employed whereby the residue from the first or neutralizing leach is treated with 
an excess of dilute sulphuric acid to dissolve all acid-soluble zinc, oonstituting 
what is known as ''double” leaching. 

"Single^ leaching may be conducted as either a continuous or intermittent opera- 
tion, but is more easily controlled if the intermittent or “batch ” system is used. Cal- 
cine is added gradually to straight spent electrolyte until the acid strength is reduced 
to the lowest point possible and still obtain satisfactory recovery of zinc — 0.3 to 0.6 
per cent H2SO4. Finely ground limestone or milk of lime is added in sufficient quan- 
tity to uoutialize the reniaming acid with precipitation of iron, silica, alumina, arsenic, 
and antimony, and to coagulate the pulp to obtain good settlement of the residue and 
give a clear thickener overflow. With this system of hmcliing, the amount of zinc 
recovered depends upon the caroof the operator in adding insufficient calcine to 
neutralize eomplctclv all acid and in giving a long enough period of agitation after 
the last calcine addition to insure extraction of all soluble zinc. Milk of lime, and, to 
a less degree, limestone will precipitate zinc from a neutral zinc sulphate solution, 
causing some loss of zinc. All acid neutralized by limestone or niilk of lime must be 
replaced either by the addition of fresh acid or by increasing the amount of zinc sul- 
phate formed in roast iiig. The (^aS(34 formed inereases the bulk and moisture content 
of residue. Finely ground limestone and milk of lime are quite an additional expense 
in the supply account. Normally, the only justification for the use of single leach- 
ing with dilute sulphuric acid is the saving 111 the cost of plant and in operating cost, 
A single set of leaching tanks and thickeners \^ith necessary auxiliary equipment, 
such as classifiers, pumps, etc., is reiiuired for the application of this method of 
leaching. 

“ Double leaching may be conducted as either a continuous or an intermittent 
operation, but is more oconoiiiK ally applied as a continuous-leaching system when a 
large volume of pulp is to be handled. A plant producing a small daily tonnage of 
zinc, requiring a .small volume of solution, should use intermittent or “batch” leach- 
ing for the first or neutral leach, thereby saving in first cost for building and leaching 
efiuipmcnt moie than enough to offset any additional operating cost. With the double 
leaching sy.stem, all of (he calcine is added to part of the aeid (spent (‘Iccirolyte), giv- 
ing an e\c(‘ss of zinc oxide for complete neutralization of acid present, precipitation of 
iiiipuiitics, and coagulation of pulp. The discharge from this leach goes to thickeners, 
the spigot product from the thickeners being h‘ached, with or without filtration, prior 
to leaching, with sufficient spent electrolyte to dissolve all zinc oxide and make the 
pulp distinctly acid — from 0.3 to 0 5 jier cent 112804. This pulp goes to n second set 
of thickeners; the thickener spigot is filtered to give a final residue, and the thickener 
overflow^ and filtrate are returned to the first leach and are mixed willi the remaining 
spent electrolyte to form the first leaching Holuiion. 

If the calcine does not contain sufficient soluble iron completely to precipitate 
all soluble arsenic and antimony, ferrous or ferric sulphate solution, prepared by leach- 
ing iron-bearing material with hot spent electrolyte, is added to tlu* leaching solution 
for the first leach and is oxidized with manganese dioxide to fferric sulphate before 
adding calcine. Enough Mn02 is added to oxidize all ferrous iron dissolved from the 
calcine in addition to that derived from outside sources, such as scrap iron, siderite, 
or other readily soluble iron ore. The chemical reactions involved are: 

2Fc804 4- 2 II 2 SO 4 + MnOa * Fe2(804)3 + Mn804 + 2 H 2 O 

Fe2(S04)3 -f 3ZnO + 3H2O = 2Fe(OH), + 3ZnS04 
4Fe(OH). + HjAsOs = Fe406(0H)6As + SHaO 

The above reactions show that all sulphuric acid combined with iron is eventually 
used to dissolve zinc oxide and the iron is precipitated as ferric hydroxide, insol^uble 
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in neutral or slightly basic solution. Some ferric hydroxide combines with soluble 
arsenic and antimony to form insoluble basic salts, thereby completely removing these 
elements from solution, provided sufficient ferric iron is present in solution. 

The first leach is so controlled that a large excess of zinc oxide over th^t necessary 
to neutralize all acid present remains in the pulp. This hastens the precipitation of 
silica, alumina, iron, etc., and causes soluble silica to precipitate in a somewhat granu- 
lar form, so that the pulp settles readily. Heat also aids these reactions and the higher 
the temperature the more complete the purification of solution and the better the 
coagulation of the pulp. As this is usually the only purification step for arsenic and 
antimony, the leach must be so controlled that it is known positively at all times that 
this purification is complete. A simple method has been adopted for detecting the 
merest traces of arsenic or antimony in solution. A hydrogen generator is set up, 
using pure zinc and sulphuric acid, and the gas is pattsed through lead acetate solution, 
to remove any traces of hydrogen sulphide, and then through silver nitrate solution. 
The solution to be tested is added to the hydn>gen generator and the silver nitrate 
solution is watched for change in color. A trace of arsenic will give a brown discolora- 
tion and larger amounts will give a black precipitate. Arsenic shows up quickly, but 
small amounts of antimony will not show any discoloration for several minutes. 
Samples of the leach discharge taken at half-hour intervals are filtered and the filtrate 
tested for iron, arsenic, and antimony. The test for iron is the addition of a small 
amount of nitric acid to the sample of filtrate U) oxidize any ferrous iron present, and 
adding potassium sulphocyanate to this solution. The depth of the red color indicates 
the amount of iron prescait and may be compared with standards to determine the 
exact amount. 

Recovery of zinc in the first or neutral leach is low, usually not over 60 per cent of 
the acid-soluble zinc in the calcine being extracted, on account of the large excess of 
zinc oxide required for the complete precipitation of impuntieh. This necessitates 
adding practically half of the spent electrolyte to the second, or acid, leach. If the 
neutral-thickener spigot product is not filtered ahead of the acid leach, a large quantity 
of neutral solution is circulated, thereby increasing the volume of acid-thickener 
overflow and diluting the acid strength in the first leach to about one-third that of the 
spent electrolyte. This fact is not without some beneficial features, as the lower acid 
strength of leaching solution dissolves correspondingly less impurities, notably silica, 
copper, and iron, and simplifies purification and settling. Some copper dissolved from 
the calcine is precipitated from solution by the excess zinc oxide, but is redissolved in 
the acid leach and is returned to the neutral leach in acid thickener overflow, unless 
this solution is passed over scrap iron before being returned. At "rrail, all spent elec- 
trolyte is added to the second leach, only acid-thickener overflow being used in the 
^*neutral” leach. With this system the “neutral” leach is only a purification opera- 
tion, very little zinc being dissolved. 

’ The object of the second or “acid ” leach is to recover as much of the acid-solublc 
zinc as possible and the least quantity of impurities, as any impurities dissolved must 
be returned to the first leach. Spent electrolyte is added to the thickened or filtered 
neutral pulp, in quantity sufficient to insure excess acid in the leach discharge. The 
amount of excess acid added largely determines the amount of impurities dissolved. 
If sufficient time is given for the leaching operation, practically all acid-soluble zinc 
will be recovered with less than 0.5 per cent acid in the leach discharge, and only a 
small part of the total impurities. Figure 8 gives graphically the behavior of some 
of the soluble impurities in the first and second leaclies. Some of the impurities dis- 
solved in the second leach are derived from the excess calcine added in the first leach, 
and, if the acid strength is carried as high in the second leach as in the first leach, more 
impurity will be dissolved, because there is much less zinc oxide present to neutralize 
the acid, giving it a greater opportunity to act on the impurities. Until all iron^ 
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araeiuC) antimony^ etc. that are soluble in an acid solution of given strength are die* 
solved from the pulp> the acid-thickener overflow is a saturated solution of these 
impurities for that aoid strength. Leaving the volume of solution oonstanti more 
less of these impurities will be dissolved if the acid strength is mcreased or decreased. 
Therefore, if either the volume or acid strength of acid-thickener overflow is mcreasedi 
the amount of impurities circulated will increase up to the point where all of these 
elements soluble in the existing acid strength has been dissolved, or if either or both 
the volume and aci5 strength of thickener overflow is decreased, less impurities will 
be circulated It is highly desirable to keep the volume of solution and the amount 
of impurities circulated at a minimum, thereby facilitating settling in both neutral 
and acid thickeners and decreasing the volume of solution to be handled, giving more 
time for leaching in the same equipment. This can best be accomplished by filtra- 



tion of the neutral-thickener spigot product ahead of the second loach, returning the 
filtrate to the neutral-thiekencr overflow instead of eircuLiting this amount of solution 
through the leaching and settling system, and returning it to the neutral leach for 
punfication and settling the socoiid time Dissolving more zinc in the first leach 
will reduce the amount of solution required in the second loach, but carrying this too 
far IS dangerous practice, as some excess zme oxide is necessary for'completc precipita- 
tion of impurities and for coagulation 

Acid-leach pulp does not settle so rapidly as properly coagulated neutral pulp. 
Therefore, some fine solid material overflows the acid thickeners and is put back into 
the neutral system, constituting an additional burden on this equipment. The 
amount circulated depends partly upon rate of flow through the thickeners. There- 
fore reduction in volume of solution passing through the acid system will reduce the 
amount of solids as well as the amount of impurities returned to the neutral system 

An apparently simpler method of accomplishing the desired results from the 
double-leachmg system would be to treat all spent electrolyte with calcine m sufificuent 
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quantity to reduce the acid content of the leaching sohition to about the same strength 
as the acid-thickener overflow — 0.3 to 0.5 per cent H 2 SO 4 — and neutralize and purify 
the resulting solution with some excess calcine or limestone as a separate stop; if 
calcine is used, returning the residue to the leaching system, or if limestone is used, 
discarding the residue. Under this system, more impurities are dissolved from the 
calcine, due to high acid strength in the loach, and the purification residue settles very 
slowly and is difficultly filterable. Precipitated hydroxides aijd gelatinous silica 
require the weiglit of the main body of the residue to carry them down in the thick- 
eners, and also filter much more readily when mixed with the sandy portion of the 
residue. Several attempts have been made to use a separate purification step, but 
none lias proved so successful in operation as the double-leaching system just 
described. 

Purification of Neutral Solution. — Neutral-ttiickcnor overflow is free of iron, 
arsenic, antimony, silica, and alumina, if the neutral leach is properly carried out, 
but contains from 40 to 60 per cent of the copper contained in the calcine and 
most of the cadmium, as well as some silver, nickel, cobalt, etc., if present in 
the ore. Copper and cadmium are the impurities more commonly found in appre- 
ciable amounts in tliis solution. Copper must be removed to avoid troubles in 
the electrolytic (‘ells, and cadmium must be removed to produce grade A zinc. 
If these are the only metals to be removed, agitation of the solution with finely 
divided particles of metallic zinc will accomplish the desired result. Atomized 
zinc is commonly used for this purpose and high efficiency may be obtained from 
the zinc dust used for the removal of copper down to trace amounts. The elim- 
ination of the last of the copper content re(piircs some excess zinc, and the 
removal of cadmium requires an excessive amount of zinc, even with mechanical 
agitation. Most of this zinc may be recovered, however, by retreatment of the 
purification residue or sludge and does not constitute a total loss. 

If all arsenic is not removed m the neutral leach, some will b(' prc'cipitated with 
copper by zinc dust. It is possilile completely to precipitate arsenic from solution 
by means of zinc dust, if the solution is heated and sufficient copper sul})ha 1 e is present. 
At Flobart, Tasmania, llijs method of purification lias been elaliorated .sliglitly to 
provide a method for the ri*moval of cobalt from solution. The problem of cobalt 
purification was a serious menace to the successful tri\itment of their concentrate', 
until th(\v adoptc'd the method of adding arsenic and copper to th(‘ nential solution 
before zinc-dust purification, and pri'cipitating the tliree iiii*tals tugollui by means of 
agitation with zinc dust. 

Cadmium is really precipitated more rapidly than copper, when zinc dust is first 
added to the solution, but almost immediately replaces copper m solution and rcmiaiiis 
to bo precipitated by subs(»(|uent addition of zinc dust. Therefore, practically, cop- 
per is largely removed liefore mueli cadmium is precipitated. If grade A zinc is not 
desirod and cadmium in the zinc slabs is not objectionable, copper may be precipitated 
suffieiinitly completely for successful electrolysis and yet leave some cadmium in 
solution, thereby n'ducing the amount of zinc dust recjuiri'd. Finely divided particles 
of cadmium oxidize rapidly if air agitation is used, and are redissolved in neutral zinc 
sulphate solution. This is the reason for cadmium “coming back" m neutral solu- 
tion after once being precipitated— CdO -f ZnSOi + H 2 O = CdS 04 + Zn(OH)a — 
and is the basis for one scheme for separation of zinc and cadmium. 

Any silica not removed from solution in the neutral leach is precipitated by zinc 
dust in the purification tanks, increasing zinc-dust requirements, and later “blind- 
ing" the filter cloth in the clarification filters. Solids overflowing the neutral 
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thickeners will also increase zinc-dust consumption and increase the burden on the 
clarification filters. To obtain the highest efiiciency from zinc dust^ the solution to be^ 
purified should be free from mechanically held impurities and from such soluble 
impurities as silica, ferric sulphate, and free acid. Ferric sulphate and free acid 
will redissolve cadmium and increase zinc-dust consumption. 

Control of purification is so variable that continuous purification is not safe prac- 
tice and the operation is carried on under a '‘batch" system, using mechanical agita- 
tion. A tank is filled and agitated with zine dust until copper is removed, as shown 
by H 2 S test. An additional quantity of zinc dust is then added and agitation con- 
tinued for a given period of time to insure removal of cadmium, or all the zinc dust 
n‘quired may be added at once and agitated for a given period. The amounts of 
zinc dust and the time retjuired for agitation must be determined experimentally for 
the particular class of ores being treated, as there is no satisfactory rapid method 
known for detecting small amounts of cadmium in the presence of large amounts of 
zinc. 

The discharge from the purification tanks is either filtered direct in a pressure 
filter to remove copper-cadmium sludge, or is first sent to scuttling tanks to relieve the 
load of solids from the pressure filters. Filtration of the solution at this point must bo 
licrfect and the filtered solution sliould be crystal clear. Any solids going through the 
filter will certainly cause trouble later in the electrolytic cells. If the solid particles 
are copper or cadmium sludge, they will be dissolved by the acid in the cells and 
impair either ampere ef!iei(‘iicy or (juality of metal produced, or both; if the solids 
are particles of r(‘sidue overflowing the neutral thickeners, arsenic and antinmny will 
be dissolved in tlie cells. Settling alone is not sufficient I 0 insure the necessary clarity 
of solution. I’lic filtered solution is sent to storage tanks supplying the electrolytic 
cells and, if the neutral leach and purification steps have been properly carried out, is 
free of physical or chemical inipurities injurious in the electrolytic cell. 

Some ores contain antimony in suificieiit quantities to complicate the usual 
rieutral-leaeh purification aixl nMpiire some additional purification stop following the 
neutral leach. Neutral solution may lx* acidified to 0.5 to 1 i)er cent acid and treated 
with hydrogen-sulphide gns to n‘move arsenic, antimony, copper, and cadmium. It 
is difficult to r(*niove tlu* last trace* of antimony in a reasonable Icnf^th of time by this 
method, reeiuinng storage* s])ace‘ to allow 1 ime for cemiplet ion of ilic reaction. Settling 
and filtration of the pre‘cipitate‘el antiinemy sulphiele is difficult, due to the extremely 
finely elivide‘d state* in wlue*h it come*s out of .solution. I'he i)re*senc‘e of copper in solu- 
tion aids the pre*cipitatioii and filtration. IfgS is both edmeixious and poisoimus, 
requiring special e-arc anel cepupment for aiiplicatioii on a large scale. The* only larger 
scale applicatiem of lliis me*tlie)d ot purificatiem was in the tre*atme*nt of fume from the 
Mammeith smelter at Kennett, Cal. 

Fume from the re*vcrboratory sme*lting of cemiplex ores was t related in the plant at 
Keokuk, Iowa, using a Hpe‘eial purificatiem st(*p for the remeival of arsenic and 
antimony. Fe*rric iron, oithe'r hydroxide or sulphate, was added to the zinc sulphate 
solution, slightly acidified, anel neutralization w^as ee)nipl(‘t(*d by addition of milk of 
lime. The resulting ferric hyelroxide precipitate carrit'd all the arsenic* and antimony 
contained in the seilulion, and was removed as a separate r(*hidue. Owing to the 
gelatinous nature of such a residue, or precipitate, filtration and washing is a difficult 
problem, and a serieius loss of zine* as entrained seilution is almost certain. 

Filtration. — What is probably the most serious problem in the filtration of the 
sliglitly acid pulp from the thickeners following the acid, or second, leach is wash- 
ing the filter cake to avoid loss of zinc as entrained solution in the final resi- 
due. The gelatinous precipitates of iron and aluminum hydroxides and silica 
in the pulp form a cake more or less impervious to the passage of w'ash wat,er. 
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If low-grade zinc C/oncentrate is being treated, there is a high proportion of 
sandy material to gelatinous material in the residue and the cake may be 
washed with sprays. As the zinc content of the concentrate increases, the 
proportion of gelatinous to sandy material increases and washing becomes 
more difficult, finally reaching a point where sprays cannot be used satisfac- 
torily and washing by dilution must be used. A normal residue filter cake 
from concentrate containing 30 to 35 per cent zinc will ccmtain about 25 per 
cent moisture, while the residue from concentrate containing 55 per cent zinc 
will carry 35 per cent moisture or more. 

Washing by replaccmeni is more efficient and requires less water than washing 
by dilution, and is also mucli less expensive. In either ease, hot water is more efficient 
than cold. The viscosity of zinc sulphate solution increases with decrease in tem- 
perature and, as the viscosity increases, it is less readily miscible with water. Heat- 
ing the pulp to be filtered will not only increase the capacity of a filter, due to freer 
passage of solution, but will also decrease the moisture content of the filter cake. 
The amount and the method of washing is partly governed by the zinc content of the 
solution in the pulp being filtered. As the zinc content of the solution increases, the 
loss of water-soluble zinc increases, unless additional washing is provided. A combina- 
tion of washing by replacement and by dilution is generally used. Spray washing 
is used first and the resulting cake is repulped with hot water, in a suitable agitator, the 
resulting pulp being refiltered on a second filter, using spray washing. If the amount 
of zinc to be recoveri'd will pay for the cost of the operation, a second repulping and 
rcfiltration is employed. If the residue is to he treated in a lead blast furnace, any 
penalties imposed on zinc by the smelter, freight, and treatment charges are credits 
against the cost of washing, m addition to the value of zinc recovered. Repulping 
may be done in any satisfactory type of agitator, but an adaptation of a pug mill is one 
of the simplest and cheapest devices. A trough is fastened to the cake-disehargc 
side of the filter to receive the cake as discharged. In this trough is a revolving shaft 
carrying pug-mill blades and driv(‘ii fmm the filter-driving mechanism. Stuffing 
boxes are placed in each end of the trough to carrj^ the shaft. Water is added to the 
trough in sufficient (quantity to form a pulp of the proper density, the discharge from 
the trough being hnl to a second filter. The amount of wash watt'r that can be used is 
limited by the moisture earned out in the residue and the amount evaporated through- 
out the plant, unless some solution is discarded for other reasons. 

Pulp fed to the filters should be sufficiently thick to prewent much classification in 
the filter tank, and some means of agitation should be provided so that a constant 
proportion of sandy material is maintained in the cake. If the pulp is too thin, sand 
will settle out in the filter tank, and the filter cover will become “blinded ” with slime. 

As high vacuum as possible should be maintained in order to reduce the moisture 
in the cake to a minimum and to keep the ckpacity of the filter at the maximum. 
I'hc dry-vacuum system is much to bo preferred, but must be provided with large 
solution receivers and moisture traps to avoid carrying solution or spray into the 
vacuum pumps. A slight leakage of solution or spray will soon corrode the valves 
and the cylinders of the pumps to a point where they lose efficiency and will in a short 
time cause more serious trouble through breaking of valves and pistons. Traps and 
receivers made of wood staves are preferable to steel tanks with lead linings. Lead 
linings tend U> collapse and break along the seams, giving the solution a chance to 
corrode the tiuik shell, and are expensive to maintain. 

Treatment of Copper-cadmium Residue. — Residue produced by purification 
of solution witli zinc dust contains too much excess zinc to be discarded and usu- 
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ally carries sufficient cadmium to pay for treatment to recover this metal* Borne 
basic sine sulphate precipitates during purification and clarification and some 
recoverable zinc overflows the neutral thickeners, all of which is recovered, 
together with the excess zinc dust, as purification sludge or residue in settling 
tanks and in the clarification filters The amount of zinc in this material is usu- 
ally just about equ%l to the amount of zinc dust used, and, if not retreated, would 
result in a considerable loss of zinc Treatment of this material is, therefore, 
necessary from the zinc-recovery standpoint, and, in addition, its copper content 
is concentrated into a much smaller quantity of residue, and most of the cadmium 
is recovered for market. 

K purification residue is roas^d to increase the solubilitv of zinc and cadmium, 
by conversion from metallics to oxides, the copper content is also converted to oxide 
and, when treated with dilute sulphuric acid, nearly as high a percentage of copper as 
of zinc and cadmium is dissolved Oxidation of these metals is fairly rapid if punfioa* 
tion residue is allowed to remain in contact \Mth the an foi any great length of time. 
If purification residue is treated with dilute sulphuric acid (spent (‘lectrolyte), before 
much oxidation has taken place, only a small part of the copper is dissolved, but most 
of the zinc and cadmium go into solution Addition of sufficient residue completely to 
neutralize all acid will supply enough excess zinc to precipitate praotically all copper 
from solution, giving a residue containing all of the copper in the onginal purification 
residue and less than one-third of the zinc and cadmium, and a solution low in copper 
and containing over two-thirds of the zinc and c adnmim The residue so produced is 
a desirable material foi i copper smelter The neutral /ine-eadmmm solution is 
heated to 75 to 80°C. and circulated slowiy through tanks in whicli a re suspended zinc 
slabs, thereby precipitating cadmium as a spongy deposit on the zinc slabs. This 
sponge oxidizes rapidly in diymg, giving a diied product (‘ontaining about 60 per cent 
cadmium and from 6 to 10 per cent zinc , and may be marketed as such. If metallic 
cadmium is desired, cadmium sponge is dissolved in dilute sulphuric acid and the 
resulting solution is electrolyzed at a current density of 10 to 16 amp per sq. ft. of 
cathode surface, using lead anodes and aluminum cathodes. The solution, after 
passing over zinc slabs, contiins all the zinc lecovcued and little cadmium, and is 
returned to the main zinc-solution s\Htem, being added to the neutral leach for 
purification of any iron and arsenic which it may contain. 

If grade A zinc is not desired and cadmium is not to be rceovercnl 8c»parately for 
market, the solution fiom leaching purification rc»sicUie may be leturnc cl to the neutral 
leach direct without preeipit iting cadmium as sponge. 

Purification rc^sidue may contain some arscuic, duo to imperfc'ct purification in the 
neutral leach, and nlw s contains metallic zinc. When trc'atccl with dilute sulphuric 
acid, hydrogen is generated, and arsine, if arsenic is present A \ cry little arsine will 
cause serious illness and very probably will n*8ult in death It is, theiefore, absolutely 
necessary to provide every possible safeguard m a plant of this kind The punfication 
residue treatment plant should be m a separate building, well ventilaftc»d, and the leach- 
ing tanks should be hooded and connected to an exhaust fan of ample capacity to 
maintain a constant vacuum m the tanks and hoods. Samples of air should be drawn 
continuously from different parts of the plant and passed through lead acetate solution 
to remove HjS and then through silver nitrate solution, which will indicate the 
presence of any arsine. Such samples should be drawn from near the surface of 
settling tanks and fn>m the floor of the building. As the arsine is heavier than air, it 
will concentrate in low places and might remain unnoticed until some disturbance in 
the atmosphere of the building would distnbute it and result m poisonmg every 
employee in the department. 
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Ores containing little or no copper, but some cadmium, will produce purification 
residue, which may be treated by a different method for the recovery of zinc and 
cadmium. The residue is roasted at a low temperature completely to oxidize all 
cadmium and the resulting calcine is leached with neutral zinc sulphate solution, there- 
by dissolving cadmium and precipitating zinc from solutitm according to the reaction, 
CdO + ZnS 04 -f HaO = CdS 04 + Zn(01I)2. It is possible so to control the addi- 
tion of calcine that a solution of CdS 04 , which may be electrolyzed direct, is produced. 
The resulting residue is treated for the recovery of zme by leaching with dilute acid. 

The market for cadmium is so limited that, if all the cadmium which it is now 
possible to produce by eh»ctrolytic-zinc jilantb ^^as recovered and placed on the market, 
some time would elapse before new Ubes could be siifficienlly developed to absorb the 
production. Very little cadmium produced from this source has been marketed as 
metallic cadmium, although the product is of elceptiomdly high purity, containing 
over 99.97 per cent cadmium. As new uses for the metal dev(‘k)p, more attention will 
be paid to this source of supply, the amount of winch is now greatei than the entire 
present consumption of cadmium in the United States. 

^^Continuous” vs. “Batch” Leaching. — The continuous leaching system 
employed in the large plants now operating i.s well adapted to jilaiits handling a 
large volume of solution and having a fairly uniform feed. Sudden changes in the 
analysis of food make close control of the purification part of the neutral leach 
almost impossible, and are sure to result in iinproi)erly i)urified solution getting 
by to the electrolytic colls unless the leach is ojxirated continuously under condi- 
tions suited to the maximum amount of impurities. With a bateh-leaehing 
system, each tank of solution can be held until itb purity is assured. A larger 
proportion of the zinc content of the calcine is recovered in the neutral leach with 
the batch system, as more time can be given for adding calcine and f(.)r agitation 
between additions and a closer control can be had of the amount of calcine added 
in excess of that necessary for neutralization. This results in less acid-thickener 
overflow returiiiiy; to the neutral leach and imjirovcs conditions generally in the 
acid leach. 

Air consumption is greater with the continuous s\stcm than with the batch system, 
for a small plant, as it is necessary to maintain agitation in all of the tanks for the full 
24 hrs. to prevent settling and plugging of air lifts, while under the batch system each 
tank is completely emptied at the end of each leaeh and air is used only during the 
actual period of leaching. A plant pnidiicing .50 tons of zinc per day \\ ill recpiire less 
than 1,000 tons of solution per 24 hr. This amount of solution can be handled more 
economically and with better leaching results in the same number of tanks operating 
independently than if arranged in series. As the volume of solution increases beyond 
the capacity, if operated independently, of the inmimum number of tanks that can 
be placed in series for successful continuous leaching, the comparison changes in favor 
of continuous leaching, due to the saving m time requmnl for filling and discharging. 

Labor and repair cliarges are Iowct with continuous leaching and the entire leaching 
operation is simplified. The capacity per tank is greater, giving fewer units for leach- 
ing and for calcine storage. Also, less difference in elevation is required between 
leaching tanks and thickeners, as the tanks are discharged from the top instead of 
from the bottom. 

In general, plants of small eapacitv and those having a very variable feed 
are best served by the batch system, and those of large capacity and having an uniform 
feed are best served by the continuous system for the neutral leach. For the acid 
leach, the continuous system is preferable for all plants. 
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Recovery of Zinc from Residue. — Residue from the treatment of any ooncen." 
trate containing iron will contain some undissolved zinc in the form of ferrate. 
It will also contain some undissolvcd zinc oxide in the very small lumps which 
have not been penetrated by the leaching solution, any zinc sulphide remaining 
in the calcine, and some zinc sulphate as entrained solution. The higher the 
zinc content of the concentrate the smaller the percentage of the total zinc that 
remains in the resichie. Less total ferrate is formed in roasting, due to the lower 
iron content of the concentrate; less sulphide sulphur remains in the calcine, due 
to the higher permissible roasting tem|)erature. The amount of zinc so combined 
is a smaller percentage of the total, and less residue is produced, thereby decreas- 
ing the possibility of losing solution and allowing more wash water to be used per 
ton of residue. ^ 

Regardless of the percentage of total zinc in concentrate that is contained in the 
residue, tlie residing may contain enougli zinc, per ton of residue, to warrant S])ecia1 
methods of treatment fc»r its recovery and show a profit. On the other hand, the loss 
of zinc per ton of concentrate in residue may be exet'ssive, yet the zinc contained per 
ton of residue may lie too low to pay for cost of treatment. Assuming that 95 per 
coni recovery of zinc can be olitained from a concentrate containing 60 per ccml zinc 
and that 0.2 ton of residue is produced per ton of concentrate, the residue will contain 
1 5 per cent zinc. Also, assuming that a recoveiy of SO per cent of zinc can be obtaiiu'd 
from a concentrate containing 30 per cent zinc and that 0.65 ton of residue is pro- 
duced per ton of concentrate, the n'sidue will contain 9.25 per cent zinc. The first 
residue is an attractive one to treat, wliile the other is so low in zinc that conditions 
would need to be especially favorable to jia'” tin* cost of treatment. 

Kvaporation of spent electrolyte to 50"Be. acid and mixing with dry residue so 
that 1.75 lb. H 2 S ()4 is added for each p<iund of zinc in residue, and gradually heating 
the mixture to between GOO and 650'(\ will d<*coinpose both ziiie ferrate and zinc sul- 
phide, forming zinc sulphat(‘, and will ilecoinpose iron suljihate, leaving a material 
from which zinc and copiiei can be extracted by water leaching without dissolving 
much iron. If tlie temperature is not carried over 600°(\, all iroai sulphate will not 
be decomposed in a reasonable length of time, with tlH‘ result that some iron will be 
dissolved and a low extraction of zinc will be obtain<‘d with a water leach. The reac- 
tion between ZnO and IIjSO^ does not appear to be direct in the decomposition of 
ferrate by this method, iron sulphates being formed first. As thf*ir decomposition 
progresses with increased temperature, zinc siilpliale is formed. 

A high recovery of zinc can be obtained by tins method - from 75 to 80 per cent of 
the zine in residue -but there arc two serious difhciilticxs to be overcome. Evapora- 
tion of spent electrolyte to 5()®B<?. acid is not a .simple jiroblcm, duo to crystallization 
of zinc sulphate as the concentration increases, 50°B<?. acid retaining only a trace of 
zinc. Depletion of the solut ion eloctmlyt ically before evaporation can be carried down 
to about 0.5 per cent zinc, but only at expense of ampere efficiency. If roaster gases 
are utilized for acid manufacture, it would be cheaper to deplete s[)ei^t electrolyte of its 
zinc content and discard enough of this solution to offset the addition of fresh acid. 
A second difficulty to be overcome is the handling and roasting of the mixture of 
residue and acid. When first mixed, a residue containing 10 per cent zinc and the 
necessary amount of acid form a mixture too thin to be handled in the usual types of 
large-scale drying equipment. As drying progresses and the temperature is raised, 
the mixture builds up rapidly on the dryer hearth or lining, forming a coating of 
extreme hardness. 

In addition to the recovery of zinc and copper, this method of treating residue has 
an advantage over othf^r leaching methods, in that the wat(»r-leache(i n'sidue settles 
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and filters readily and can be washed reasonably free of entrained solution. Iron, 
arsenic, antimony, and other objectionable impurities, except copper and cadmium, 
are not dissolved by the water leach, making the purification of the resulting solution 
a simple matter. 

An equally high extraction of zinc can be obtained by leaching residue with a large 
excess of 25 per cent H2SO4 solution at 90 to 100®C., keeping the final acid strength 
above 15 per cent H28O4. The disadvantages of this method of treatment are that 
nearly all iron, ars(*nic, antimony, etc., are redissolved, and, wten repreoipitated by 
neutralization of the remaining acid, a very difficultly filterable residue is produced. 
I^'ho excess acid may be Tieutralized with roasted cathode-melting-furnace dross, or 
with high-zinc calcine, to a point where sufficient iron has been precipitated to remove 
most of the arsenic and antimony. Acid of the necessary strength is supplied bv 
evaporation of depleted spent electrolyte, concentration being carried this far without 
much crystallization of zinc sulphate. Unless a pressure filter is used, the leached 
pulp is diluted with water to avoid crystallization and is thickened in the usual manner 
before filtration, the slightly acid solution being sent to the neutral leach for final 
purification. 

At Trail, residue has been treated at 500 to 550°C. in a current of SO2 gas, forming 
zincj sulphat<' from zinc ferrate. Some iron sulphate is also formed and, unless the 
temperature is later raised to 000°C^ or higher, iron will be extracted with the zinc by 
water leaching. Vc*ry satisfactory recovery of zinc was obtained by this method of 
treatment, the fimil residiu* b(Mng nearly free of zinc. As in sulphate roasting, the 
problem of the disposal of the acid formed in roasting must be solved to make this 
method successful. In order to recover any zinc present as zinc sulphide, residue 
fnim acid leach, at Trail, is sent to flotation machines. The concentrate produced is 
returned to the roasters. 

Electrolysis of Zinc Sulphate Solution. — When the leaching and purification 
operations have been properly carried out, the zinc sulphate solution delivered 
to the electrolytic cells is practically entirely free from impurities that may 
be injurious to the operation of the cells. It is of the greatest importance to the 
success of the entire process that the solution be as nearly free from metals elec- 
tronegative to zinc as it is possible to make it, because the electrolytic zinc cell 
is extremely sensitive to the effect of some impurities, under any conditions, and 
is noticeably sensitive to others present in minute quantities, under usual operat- 
ing conditions. The effect of some impurities may be minimized by changing 
conditions or by use of certain addition agents, such as glue, but purity of solution 
is the only absolute guarantee of satisfactory results. 

Next in importance to purity of solution is the purity of electrodes and tank- 
lining material. Thf* purest lead obtainable should be used for anodes and tank lining, 
if wooden tanks are used, and aluminum of the highest purity should be used for 
cathodes. 

With those essential details taken care of, the electrolytic zinc cell will allow of a 
reasonably wide variation in operating conditions, such as temperature, acidity, 
current density, etc., without much change in ampere efficiency. As these conditions 
will affect the voltage required, and thereby the power requirement, they are all of 
importance in the economic success of the process. 

Power Equipment.*- Rotary converters, having suitable voltage control, are 
the most efficient machines for conversion of alternating to direct current and are 
Mt suited to tlie needs of the process. Power is normally the largest single item 
ill operating cost, and the power requirement of the zinc cell is so great that the 
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dmallest possible conversion loss amounts to a large sum. RotaiT oonverterti 
installed at Great Falls have a conversion efficiency of about 93 per cent, as com* 
pared with 85 to 88 per cent for motor-generator sets. The higher voltage of the 
rotary converter permits more cells to be connected in series, requiring fewer 



Fig. 9. — Rotary converters at Groat Falls zinc plant substation. 



Fw. 10, — Great Falls tank room (showing stripping racks, lifting frames, cathode cariM^ 
and method of insulating chain blocks from trolleys). 

units. Grounding of the neutral point of each circuit lessens the possibility of 
personal injury with the higher voltage; at Great Falls not a single injury 
resulted in the 10 years^ operation using voltages of from 500 to 550 volts per 
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unit. Larger and fewer units require less attendance and less floor space, 
making both first cost and operating cost less. 

Tanks. — Wood or concrete, or possibly brick, may be used for cell construc- 
tion. Where wood is used, cells are lined with chemical lead and are held 
together at the ends with iron bolts and plates, as they must resist the pressure of 
the load of solution, electrodes, and bus bars, unless the bus bars are carried 
independently of the tanks. If concrete is used, the cell is lined with sulphur- 
sand cement, whicli is acid proof and also a good non-conductor. Various kinds 
of asphalt linings have been used without success. The size of tank required will 
depend upon the number and the size of electrodes and the spacing between 
electrodes — 4-in. spacing from center to center of anodes is generally used. Some 
space must be provided below the bottom of Hio electrodes for settlement of the 
manganese dioxide sludge defx^sited at the anode and sufficient clearance must 
be allowed between electrodes and the tank side to avoid striking the tank 
lining when removing electrodes. I-»ead overflow lips are burned to the tank 
lining. No provision is made for draining the tanks, as it has been found cheaper 
and more satisfactory to empty the tanks from the top witli a jmmp than to pro- 
vide drains and settling equipment underneath. Trail uses concrete tanks with 
sulphur-sand lining, two tanks being j>oured with a common center wall. A 
form is placed inside the tank and the hot sulphur-sand mixture is poured around 
the form. 

Electrodes. — Aluminum sheets M or Jfe in. thick, and of the highest purity, 
arc used for cathodes. CopjKT support bars are riveted to tlu'se sheets, using 
copper rivets, and also act as conductor bars. Aluminum bars and rivets, and 
aluminum bars with copper rivets, have been substituted for copper })ars, but 
the contact between aluminum and aluminum is not particularly good and 
excessive heating resulted. Sheets thicker than ?i6 iu. have been tried, but the 
surface of the aluminum has been bad, resulting in the sticking of the zinc deposit; 
also, the added wHght is an objectionable feature in removing ])lates for stripping 
of the zinc dejiosit. Wooden strips arc placed on the edges of the sheets to pre- 
vent zinc building around the edges. No strips are needed on the b{)ttoms of 
the plates. 

The anodes are cast chemical lead in. thick, the anode being cast around a 
copper support bar, leaving one end exposed to make contact with the bus bar. The 
anode is slightly smaller in crosa-seetion than the cathode. Trail uses anodes having 
sufficiently heavy tojis to support the body of the anode without using copper support 
bars and the anode is burned t-o the tank bar, which is a lead-covered copper bar. 

The size of electrodes and number per cell will dc'peiui upon the capacity of plant, 
the current density, and other local conditions. If bus bars are carried on the edges of 
the tank, larger electnidcs are required than if the bus bars are supported inde- 
pendently of the tank, duo to greater distance between st^lution level and electnide 
support bars. The type of electrode support bar may be varied to suit local ideas or 
conditions, but must have sufficient current-carrying capacity to avoid hejiting, and 
must have sufficiently broad ends to avoid swinging or tipping of the electrodes. 
The electrodes must hang absolutely true to avoid short circuiting and insure an even 
distriliution of currimt. 

Bus Bars and Tank Bars. — Copper is universally used for bus bars, and may 
be either rolled or cast, cast bars being much cheaper than rolled or drawn bars. 
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If special shapes of large cross-section are required^ cast bars are practically a 
necessity. The usual method of computing the size of bar required is to allow 1 
sq. in. of cross-sectional area for each 1,000 amp., but with large bars, this does 
not allow enough radiating surface to avoid heating and should be increased to 
at least 1 25 sq in for each 1,000 amp if 8,000 to 10,000 amp ls to be carried; 
thus, cast-copper bus bars having 10-sq in cross section are recommended for 
a circuit carrying 8,000 amp For joining one length to another, the ends are 
machined for a lap joint and are bolted together From time to time, it is 
necessary to tighten these bolts to insure perfect contact, especially if current is 
shut off, or materially reduced, from time to time, thereby causing alternate 
expansion and conti action, tending to pull the joint apart 



From the standpoint of first cost and of working conditions, triangular tank bars 
arc the best At the point of coniu ctioii to the in on bus-b.ir line, the anode tank bar 
has the same area as the bar line , but, as the current is distnbnled to tlie individual 
anodes, the area decrciscs to theoretic d zero cross-section at the end of th€» tank 
The cathode bar starts at zc ro cioss-section and gradually mere ises in area as the load 
increases, until it rcoheb the full area of the bar Imc, and, passing to the next tank, 
becomes the anode b ir and ag tin gradually decreases m area to zero With the exc op- 
tion of one anode and one cathode bar, all bars in each group of tanks in solution senes 
are double bars This system requires pi icing bars on oidy one side of the tank, 
putting insulated ends of both anode and cathode support bars on opiKisitc side of the 
tank from the contact c nds Both anode and cathode contacts are on the working, or 
aisle, side of tanks, where they may be kept polished without leaning over the tank 
The total amount of copper required on the tanks is only a little more than two-thirds 
of that required by a system using a common center bar, and about half that required 
if single bars are placed on each side of the tank Figure 11 shows the design of a 
tnangular bar used at Great Falls and the method of placing on tanks 
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If the tank barR are carried on the edge of the tank, the contact ridge on the outaide 
bar ifl made ^ in. higher than that on the inside bar, so that the electrode support bar 
extending to the outside tank bar will not come in contact with the inside tank bar. A 
much bett(*r system of supporting tank bam tlian that of placing on the edge of the tank 
was developed at Park City, Utah, whereby the bars are carried on independent 
supports placed by the side of the tank. With this system, the bars are placed on 
edge, instead of flat, and the contact edges extend above the edge of the tank just 
enough to allow the electrode support bars to clear the tank sidrf Triangular bars are 
also used in this system and no more copper is required than if placed on the edge of the 
tank. The advantages of the Park City system are that a greater percentage of the 
electrodes is rendered effective through reducing the space re(iuired between solution 
level and electrode support bars; contacts and tank-bar insulation are placed entirely 
outside of the tank, simplifying the problem of keeping contacts clean and keeping 
insulation dry; no acid mist or vapor comes in Contact with the tank bars, avoiding 
corrosion, especially of the inside bar; a greater circulation of air around the bars is 
obtained, aiding cooling by radiation, and nunoving a heavy load from the side of the 
tank. The disadvantage of the system is the necessity of supplying greater aisle 
space. 

Insulation.— Tanks arc insulated from their foundations by placing glass 
blocks, or other insulating materials, between tank supjiorts and foundations, 
and covering the insulators with caps of sheet lead to prevent welting by solution 
leaks. Electrode support bars and tank bars are insulated from the tanks by 
wood strijis and blocks impregnated with oil, tar, or other waterproofing material. 
Bus-bar lines are supported on glass blocks or are susi)cndcd by some type of 
strain insulators from tank or floor supports. Solution and water lines arc insu- 
lated by breaking through rubber hose connections, and by supporting on wooden 
or tile blocks. It is essential that all insulation be made of nori-abvSorbent mate- 
rial to avoid wetting by condensation of wat(T vapor from evaporation in the cells 
and of mist carried by gas leaving the cells. 

Arrangement^of Cells. As many cells are plact‘d in series, electrically, as the 
power equipment will permit — 144 cells per unit at Great Falls with rotary con- 
verters, and 36 cells at Trail with motor-generator units. The maximum volt- 
age limit of the direct-current equipment divided by 3.75 is a safe figure to use in 
determining the number of cells to be connected to one power unit. Normally, 
more cells could be carried, but some leeway is desirable. The present Trail 
and Great Falls plants were designed for a maximum of 4 volts per cell, but this 
figure is too conservative, as has been proved by later expei icnce. 

As many cells may be phicod in series or cascade, as regards solution flow, as is 
desired, but, from the standpoint of working conditions and economy, six to eight cells 
in solution scries are about the maximum number. A working aisle is provideil on one 
side of each tank. The grouping at Great Falls is twelve cells to a group, or double 
cascade, two cascades of six cells each being placed side by side as closely as safe 
insulation will permit. Between each gnmp of twelve tanks and the next group is a 
working aisle. Tank bars are placed on the sides of tanks next to the aisles, leaving 
the inside tank edges for insulated ends of electrode support bars. A working aisle 
and space for solution supply mains in provided between the upper tanks of cascades 
flowing in opposite directions, and strippmg aisles and space for spent electrolyte 
launders are provided at the lower ends of the cascades. This arrangement is shown in 
Fig. 12. 



THS SlBCTnOLYTtC iWC PBOCSSS 


im 

By placing more cells m a cascade, less floor space and less copper would be 
required, but the cathodes would bo transported further for stnppmg, requiring more 
operating labor It is ( ustomary in cleaning tanks to cut out of the electrical circuit a 
double cascade at one time Therefore the greater the number of tanks per casoado 
the greater the proportion of a unit cut out foi cleaning When any accident occurs, 
such as breaking of a solution feed line over a tank, or a roof leak, which will wash 
impurities into a (ell and cont«imuiate the following cells m the cascade, it is an 
advantage not to have many < i lib m senes 



Solution System. — Purified solution from the leaching division is pumped into 
storage tanks placed at suflicient elevation to give gravity flow from stoiagc to 
cells. Iron feed lines may be u^ed, as tins solution is neutral and practically free 
of copper Lead lines with flanged joints are preferable, however, as some basic 
2inc sulphate is precipitated from solution as cooling progresses, and builds up in 
iron pipe more quickly than m lead pqie and there is always more or kss danger 
of external corrosion of iron lines through oc casional leaks of acid solution and 
condensation of acid mist coming fiom the cells These lines aic earned under 
the floor along the uppei cells of the ca^^cades and a ii«er is tapjied in for each 
double cascade A pipe line extending the full length of the cascade to the top of 
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the last cell is connected to this riser and may feed each cell of both cascades 
through branches equipped with valves to regulate the flow to each. 

Solution is fed into the head coll of each cascade at a rate that will maintain the 
acid strength in that cell at slightly loss than the discharge from the last cell of the cas- 
cade. The hrst cell discharges into the head of the second coll, the second into the 
third, and so on down the cascade, the last cell discharging into a launder emptying 
into storage tanks for the leaching plant. Neutral solution is fed into each cell but 
the last, in sufficient quantity to maintain practically (*onatant acidity throughout the 
cells, above the last, in the cascade. The last cell brings the acidity up to the desired 
strength, or, looking at it the other way, depletes the zinc content to the desired point, 
thereby acting as the control coll. Samples of solution arc taken at regular intervals 
from the last cell and the acid content doto^ininod, and at loss frequent intervals 
from the upper cells to control the feed to each cell. By maintaining practically 
constant acidity in each coll, the voltage required is kept at a minimum. No acid 
solution is returned, to be mixed with the neutral feed solution to keep acidity in the 
upper cells up to the average, each cell generating its own acid n‘quiremont8 and receiv- 
ing its own feed, except as the lower cells m a cascade receive the discharge from the 
cells above them. 

The rate of flow increases from the first to the last coll, the volume being 
cumulative, but no improvement in eflieiency of the cells having the higher rate of 
flow has been noticed. No baffle arrangement is necessary to maintain an even distri- 
bution of solution in the eidl, the gas evolution at the anode being sufficient to supply 
the necessary eireulation. As current density increases, rate of zme deposition 
increases and also rate of evolution of oxygen at the anode, thereby increasing the rale 
of circulation proportionally to the reciuirement of fresh solution at the electrodes. 

Cooling. — A large proportion of power delivered to the electrolytic zinc cell 
is dissipated as heat, the amount increasing with current density. Some heat is 
carried out by the spent electrolyte and some is radiated, but, at the current den- 
sity usually employed in practice, it is necessary to supply some additional cool- 
ing. This is (lobe by ])assing fresh water through lead coils placed in the ends of 
the cells. Each coll should be ecjuiiq^ed with 50 ft. of cooling coil if a current den- 
sity of 30 amp. jier sciuare foot or over is to be used. The amount of water 
requir(‘d depends upon the temperature of the water and the efficiency of transfer 
of heat, in addition to cell conditions, such as current density, acidity, electrode 
spacing, etc., but in any case is quite large, varying from fi to S gal. per minute 
for each ton of daily zinc production. 

Stripping Equipment. — All method.s — from removing one plate at a time for 
stripping and removing all plates in a c('ll at one tim(> — have been tried. Remov- 
ing one plate at a time is too slow^ and expensive, and removing a full tank at a 
time means loss of production and danger in ^‘shorting” the tank before removing 
the plates, in addition to reijuiring some power-driven lifting device. If many 
plates are removed at one time, the current density on the remaining plates is 
greatly increased. Removing nine plates out of a total of twenty-seven leaves 
enough to carry the current and makes a very suitable weight to be handled with 
a hand-operated chain block when operating at 30 amp. per square foot and 
using a 48-hr. stripping interval. 

A lifting rack having saw-tooth sides, the teeth being spaced 4 in. center to center 
correspond with oleetmde spacing, is placed on the cathode support bars, and, as 

load is lifted, the spaces between the teeth of the rack engage lugs riveted to the 
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cathode support bars holding the cathodes at the same spacing as in the cell. The 
chain block used for lifting the load is suspended from a trolley running on an I-beam 
over the center of the line of tanks. A strain insulator is placed between the chain 
block and the trolley to insulate the chain block and load from the I-beam, At the 
lower end of the cascade is placed a stand having nine pieces of 3 in. channel iron 
spaced 4 in. center to center, with a slot cut in the center of each piece. These pieces 
are supported at one ejid by bolting to the stand, the bolts being placed loosely enough 
to permit swinging in a horizontal plane. A load of plates removed from a cell is 
brought to this stand and the cathode sheets are slipped into the slots cut in the pieces 
of channel. The load is lowered until the cathode support bars rest on the channels 
and the lifting rack is disengaged from the lugs. The outside sheet of zinc is removed, 
then the channel supporting that cathode is swung to one side and the inside sheet of 
zinc is removed from that cathode. • The adjacent side of the second cathode is then 
stripped and the second channel is swung over against the first, exposing one side of the 
third, and so on until all nine have been stripped. They are now swung back into the 
original position and lifted with the lifting rack, just as they were originally lifted from 
the cell, and are transferred back to the cell from which they came, being held correctly 
spaced in the lifting rack. 

A heavy knife is used for stripping the deiiosit. The zme deposit is struck a sharp 
blow with the edge of the knife to loosen it slightly from the surface of the aluminum 
cathode blank. I'he point of the knife is slipped under the zinc sheet and twisted to 
break the deposit loose. Tlie zinc sheets, as stripped, are placed on a small narrow- 
gage car to be transferred to the melting furnaces. 

Operation of the Cells.— Starting with clean eoll^, now electrodes, and neutral 
solution, the resi^stanco is so great tliat little current flow's for several liours after 
power is put on the circuit. It is customary, when starting a unit that has been 
down for some time, and from which the acid solution has b(*en removed, partially 
to fill the cells with spent electrolyte from other units still operating, thereby 
reducing resistance so that some current will flow immediately. If no juirc acid, 
such as spent electrolyte, is available, the flow of current is periikitted to increase 
as rapidly as decreased resistance, through formation of acid in the cells, will 
permit. Some resistance may be removed by shorting^' one of two groujis of 
cells until sonu* current is flowing. 

Zinc d(*pf)sited in the* first 24 or 48 hr., starting w'ith neutral solution, will be 
rather spongy, due to low acidity, and should be stnpjied as soon as thick enough to 
break loose from the* cathode. As soon as the depoMt(‘d zme b(‘gins to show a bright 
surface, the period of deposition is lengthened to 48 hr. When the acid strength gets 
up to 2 or 3 per cent, a small flow of fresh solution is started in tlie upper cells 
and is gradually extended to the lower cells as the acidity increases, so that no cell 
will become impoverished. Acid strength is not allow (*d to get above about two- 
thirds normal until the full period of deposition is started, and frequently full current 
density is not permitted until deposited zinc has been stripped once or twice. 

One man can care for and strip zinc from 18 cells when using a 48-hr. stripping 
interval. Nine tanks are stripped each day and the load of zinc sheets is pushed 
over the scales and delivered to the melting furnace. With this system, 10,000 lb. 
of zhic per day is about the mjiximum that a man can handle over any eonsideiuble 
period. After a load of plates is lifted so that tlie bottoms are above the solution in 
the cell, it is allowed to drain into the cell, while the stripper polishes the tank-bat 
contacts from which plates have been removed. After zinc dejKisit is stripped, 
cathode contacts arc polished and any cathodes having smooth spots on the depositingj^ 
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mirface are roughened slightly, with a wire brush Or piece of hackHsaw bladoi to 
prevent the zinc deposit springing loose Cathodes must be replaced just right to 
insure an even distribution of current and a maximum power efficiency* If a cathode 
becomes slightly warped, it is nearly mipossible to avoid **shortmg” to one anode or 
the other Therefore the stripper must also straighten any plates that are not 
exactly true Wooden strips are placed on the edges of the cathode to prevent zinc 
from building around the edge Rubber insc»rts, grooves, and other devices for accom- 
plishing the same purpose have proved less satisfactory 

Many ores contain manganese, and some manganese dioxide is used to oxidize 
mm m the neutral leach Part of the manganese in solution is precipitated at the 
anode as manganese dioxide, some of which adheres to the anode as a flaky covenng, 
and the remainder settles to the bottom of the cell Insulation on top of the cells 
gradually becomes impregnated with solution, juid copper and zinc sulphates build 
up on the tank bars, if earned on the edge of the cells Periodic renewal of insulation 
and cleaning of cells and bars is nc c ossary A double c iscade of ( c lls is cut out of the 
electrical circuit, the electrodes arc n moved, solution is pumped out, manganese 
sludge IS reniovc»d and sent to the lew lung plint, and insulation is renewed Tank 
bars arc e loaned and roplae c d , c le ctrodc s are st raightc ne d and rejdae e d , c oils arc refillcHl 
with solution, and the jumpc*r bar is removed, putting the eclls back into the circuit 

Care of Workmen. — Rubber shoos aic supplied to insulate the ‘=?trippcr. Gar- 
ments made of pure, uiiwasliod wool stand the coirosion of acid solution from the 
cells much betie^r than cotton or mixed wool and cotton Grc^at caie must be 
given the hands of men coming in contact with acid zinc sulphate solution, or 
cracks and sores aiound the finger nails will result Sevoial thicknesses of ordi- 
nary cotton gauze are placed over the nose and mouth to absorb any spray nsing 
from the surface of the cells The gas is largely oxygen, but the coating or film 
aiound the bubble is solution and is veiy conosivc to the nasal passages No 
occupational disease has resulted from this A^oik, nor has any extia trouble been 
experieiicc'd m recent yews in getting men for this work 

Voltage. — Th3 theoietical decomposition voltage ot /me sulphate solution is 
approximately 2 35 \olts, but the best operating conditions lequire from 3 25 
to 3 50 volts, depending upon current demsitv, ternpeiature, acidit>, spacing of 
electrodes, and period of deposition With constant acidity, temperature, etc , 
voltage mci eases rajiidly with increased current density, as is shown by Fig 13 
Resistance of solution is decreased by increasing acidity, quite markedly up to 
10 pel cent II2SO4, and moie slowly above 10 per cent H2SO4 With 30 amp 
per square foot and 5 per cent HoSOi the voltage required is about 4 0 volts per 
cell at 35°C , me leasing the acidity to 12 pei cent reduces the voltage to 3 4 at 
the same temperatuie. If the tempeiatuie and the acidity are botli increased, the 
decrease is even gi eater, as is shown bv T"ig 13 High temperature is not desir- 
able in the cell, from the standixiiiit of effect of impurities on ampere efficiency, but 
IS an aid to reduction m power cost, if ampere efficiency is maintained It 
certainly pays to supply solution of sufficient purity to the cells to allow reasonably 
high temperature and acidity to be maintained At Great Falls, temperature 
of over 50®C has been maintained with a current densitv of 30 amp per square 
foot of cathode surface, for several weeks at a time, and an ampere efheiency of 
90 per cent obtained bv cutting the peiiod of deposition to 24 hr The distance 
between the face of anode and the face of the cathode affects the voltage required, 
but cannot safely be reduced much below present practice on account of the 
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tendency of electrodes to warp, and because they do not hang absolutely tru^, 
due to unevenness in the surface of contacts between support and tank bars. 

Ampere BflSiciency. — Punty of solution, temperature of the cell, period of 
deposition, and ratio of zinc to acid m solution are factors influencing ampere 
efficiency Some impurities may be present in much larger amounts than others 
without seriously affecting ampere efficiency, and nuch work has been done to deter- 
mine the effect of single impurities and to set safe limits for the amounts that 

Per Cent Acid in Electroly+e 



Current Density, amp per sc| ft. 

Fio 13 — Cell rpsistanoes 2-m electrode RpadiiR at 

can be present in solution, but little is known regarding the combined effect of 
two or more impuiities which may be present, each in an amount less than the 
safe limit for that particular impurity Results obtained bv different experi- 
menters do not agree closely in the case of some individual impuntic^s, due prob- 
ably to differences in other cell conditions, but some fairly accurate average data 
have been obtained for the common impurities The^e will be discussed in 
greater detail under separate headings. 

All expenrnemters agree that the effect of any impurity is aggravated by rise m 
temperature. As the time of deposition increases, the effect of any impunty becomes 
more pronounced. With absolutely pure solution, high anipc*re efficiency is obtained 
with 48, 72, 96 hr , or even longer periods of deposition, but in plant operation it is 
frequently found advisable to decrease the period to 24 hr This is also mfluenced by 
other cell conditions, such as temperature, current density, and acidity, the most 
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efficient period of Reposition being determined experimentally for each set of condi* 
tions and by balancing extra labor cost for more frequent stnpping against power saved 
through improvement m ampere efficiency. The ratio of zinc to acid in solution neces- 
sary to maintain maximum ampere efficiency vanes with current density, period of 
deposition, temperature, and purity of solution. The usual practice is to deposit 
from solution about two-thirds of the zinc content of the neutral solution, returning 
one-third U) the lca(‘hing plant. If the amount deposited greatly exceeds this ratio, 
some loss in ampere efficiency will result. 

Addition agents, such as glue, wood juice, and some of the gums, are used more or 
less to improve the physical condition of the zme deposit and to aid ampere efficiency. 
It is not good practice to rely on these, if it is posBi})lc properly to purify solution in 
the leaching plant. Glue is used in almost negligible amounts at Great Falls, less 
than 1 oz. of glue per ton of zinc — a somewhirt greater amount is used at Trail and 
much larger amounts are used at Hobart, Tasinania, to offset the effect of cobalt in 
solution. 
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Effect of Impurities. — In order to ho certain of results obtained, it is neces- 
sary to start with an absolutely pure solution of zinc sulphate in determining the 
effect of single impurities, otherwise the combiiu'd effects of the impurity added 
and of those already present are noted. Solution pri'parod from the so-called c.-p. 
zinc salts is not of satisfactoiy purity for this w^oik, without further purifica- 
tion. J. T. Ellsworth, at Park City, Utah, obtained what are probably the most 
accurate data on the effect of single impurities yet published. He prepared a solu- 
tion of zinc sulphate by burning zinc of high purity to form zinc oxide and dis- 
solving this in pure sulphuric acid, followed by agitation with zinc dust to remove 
traces of copper and cadmium. Definite quantities of an impurity were added to 
separate portions of this solution and the resulting foul solutions were electrolyzed 
under a standard set of conditions. The results of his work were published in 
Vol, 43 of the Tram, of the American Electrochemical Society. 
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Hie difficulty in applying any aet of data on the effect of single impunties to plant 
operation is that a solution containing only one impurity is never obtained^ atid 
variations in cell conditions cause a variation in the effect of an impurity. The experi^ 
mental data obtained have been of great value in guiding purification practice and 
have pointed out the most injurious impurities, and have enabled the operators to 
recognize the presence of some impurities from the appearance of the zinc deposit 
without waiting for complete analysis of solution. 

Antimony is, undoubtedly, the most injurious impurity yet encountered in ^eo- 
trolytic zinc operations. If present in any amount, its effect is noticeable with high 
temperature and acidity. One part per million is apparent under normal cell condi- 
tions. The zinc deposit becomes spongy and dark in color; sprouts, small at the 
surface of zinc and large at the end, fonn in large numbers, and ampere efficiency is 
lowered markedly. As the period (^f deposition increases, the effects become more 
marked. The remedies applied are more thorough purification in the neutral leach, 
shortening of period of deposition, and lowering of current density to lower cell 
temperature. 

Arsenic, — Alone, arsenic is much less injurious than antimony. The presence of 
arsenic in solution, however, is a pretty sure indication that some antimony is also 
present. The same purification methods used for the removal of antimony also 
remove arsenic, and with less difficulty. Therefore, antimony may be present in 
small amounts without arsenic, but arsenic is rarely present without aniimony, unless 
the ore lieing treated is free of antimony. The early indications of the presence of 
arsenic in the z:nc cell are pronounced corrugation of the surface of the zinc deposit 
and the absence of the usual luster of the deposit. This is followed by sprouting and 
serious loss in ainjiere efficiency. 

Copper may be present up to 10 mg. per liter without seriously affecting ampcri' 
efficiency and, with low acid strength, may go even higlier. If zinc-dust purification 
is carried far enough to remove cadmium sufficiently completely to produce grade A 
zinc, there is little danger of trouble from cojiper. The source of most of the copper 
actually present m the cells is the copper sufiport bars and tank bars, the mist and 
spray from the cells slowly corroding copper over the cells and th(‘ copper sulphate 
so formed being u ashed or knocked into the cells. The amount o/ copper so intro- 
duced is normally insufficient materially to affect the zinc deposit, but occasional 
breaks in water or solution connections and roof leaks will wash a sufficient amount 
into a group of cells to cause violent re-solution in tlie cells affected. Fresh solution 
is run into these cells to lower the acidity and U) increase the rate of flow through them, 
thereby quickly removing the fouled solution, and the cathodes are removed and 
stripped as rapidly as possible. 

Cadmium, when present in amounts up to 0.5 g. per liter, docs not lower the 
ampere efficiency or injure the physical condition of the zinc deposit. Small amounts 
of cadmium improve cell conditions according to some experiiiienters. 

Cobalt , — Ten milligrams of cobalt per liter of solution will cause re-solution of the 
zinc deposit, unless special treatment is resorted to, but at HoV)art, Tasmania, 200 mg, 
per liter are reported to be present without serious loss in ampere efficiency, due to 
the addition of large quantities of glue. In some instances, it has been necessary to 
use as much as 5 lb. of glue per ton of zinc produced. The action of glue is not clearly 
understood, but it is certain that it is of great help in reducing the injurious effect of 
some impurities, notably cobalt. 

Chlorine in amounts up to 100 mg. per liter does not materially affect ampere 
efficiency, but corrodes the lead anodes. If the concentrate treated carries silver, the 
chlorine content of electrolyte will usually be insufficient to cause trouble. 

Irm in amounts up to 0,2 to 0.3 g. per liter has been present in solution without 
noticeably lowering ampere efficiency, but its presence is usually an indication of 
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incomplete purification in the neutral leach, aiid ansenic or antimony, or both, are 
probably also present Iron is commonly present m solution up to 0 08 g per liter. 
Undoubtedly, much of the trouble assigned to iron has been caused by associated 
impurities 

Manganese — Up to 3 or 4 g per liter, manganese is not seriously injurious 
Part of the manganese m solution is precipitated as MnOj at the anode and forms 
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a protective coating for the anode The amount that adlieres to the anode seems 
to be dependent upon temperature and acidity, and possibly current density. Low 
acidity, temperature and current density cause a heaw anode coating Some 
experimenters claim that manganese aggravates the effect of antimony; others claim 
that it acts as a deterrent on the action of copper It is doubtful that it has any 
great influence on current efficiency, one way or the other, until it is present in 
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amounts of 3 g. per liter or over. Blkworth found it to be mnof^y j^furiomr kk 
larger mounts. 

Ntdkd seems to have less effect than cobalt, but is classed as one of the highly 
sirable impurities. Not much work has been done to determine the effect of nieket, 
as it is not a commonly found impurity m zmc-plant solutions. 

Sodium f Potassium, Magnesium, Aluminum, fame, etc , — In amounts usually louirdt 
in solution, these impunties are not known materially to affect either ampere effi- 
ciency or physical condition of deposit. After 10 years' operation of one planti no 
appreciable increase in the amount of any of these impurities has been noticed. 

Current Density, — Local conditions determine the most economical current 
density. The leaching division, almost as much as the electrolyzing division^ is 
affected in design and operation the current density employed. A wide range 
of current density may be used, if all conditions are properly adjusted, but, after 
careful investigation oi all factors entering into the choice for large-scale opera- 
tion, the larger companies have decided on a range of from 20 to «^0 amp. per 
square foot of cathode surface as the most economical and satisfactory density. 
Going much above the 30 amp. per square foot requires special provision for 
cooling of cells and requires higher acidity to keep down power consumption, 
which, in turn, requires higher zinc content in cell feed, and is reflected in compli- 
cations in the leaching division. Below 20 amp. per square foot the first cost of 
plant is high and the zinc deposit is not so firm as with higher density. 

Increase in (‘urrent density is always attended by increase in power input to cells, 
due to higher volt ige. By increasing the aeidity, and decreasing the spacing of elec- 
trodes, resistance in the cell is deeroased, and increases m density are not accompanied 
by as great iiicrejises m voltage as with lower acid and standard spacing of 4 in. from 
center of anode to < enter of anode. Above 12 to 13 per cent acid, the zinc content of 
cell feed must be higher than the saturation point of zinc sulphate solution at Ordi- 
nary temperatures, and the density of solution is inereas(*d suflj^*iently to hinder 
settling m the thickeners. Washing the residue is made more difficult and the prob- 
able loss of water-soluble zinc is increased. Cutting down on the spacing of electrodes 
increases the number of short circuits and adds to the cost of inspection and stripping. 
The effects of increasing current density under varying cell conditions are shown 
diagrammatically by Figs. 13, 14, 15, and 16. 

If current density is to be increased beyond the point where cooling equipment 
placed m the cidls is sufficient properly to cool the electrolyte and where supersaturated 
zme sulphate solution is required to maintain sufficiently high acidity, a decided 
increase m current density, up to 100 amp per square* foot or higher, may as well be 
made. Large-scale tests have been made using current density of from 100 to 120 
amp. per square foot with 25 to 30 per cent H2SO4 in the electrolyte. The only 
authentic published data on this work showed that, even with this acidity, the power 
requirements were about 1.77 kw.-hr. per pound of zinc for a test plant, as compared 
with normal operation requirement of 1.5 kw.-hr. per pound for the large plants using 
about 30 amp. per square foot and 10 to 12 per cent H2SO4, or an increase of nearly 20 
per cent m power required. This amounts to about $2.75 per ton of zinc with power 
at $30 per hoisepower-year, or $275 per day, or $100,000 per year for a plant produc- 
ing 100 tons of zinc per day. An elaborate solution circulating system was required 
to maintain a sufficiently high rate of flow through the cells, by returning about six- 
sevenths of the spent electrolyte to be mixed with fresh solution fed to the cells. 
This mixture must be cooled before being fed mto the cells and only one coll can be 
placed in senes, as regards solution flow, to avoid overheating m the cells. Circulating 
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and cooling equipment must be acidproof and a very large proportion of tank^room 
epace must be put into aisles and working spaces. Special types of anodes and 
special equipment for holding cathodes evenly spaced from anodes is required. Also^ 
20 per cent more power equipment is required than for a plant of equal capacity oper* 
ating at 30 amp. per square foot. Mechanical agitators are required for leaching, to 
conserve heat, and pressure filters for filtration of leached pulp. Both leaching and 
filtration are conducted in batches and require close personal supervision to avoid 
excessive loss of zinc in the residue. All tanks and equipment in the leaching division, 
require heating coils or equipment of some kind to prevent cooling of solution with 
crystallization of zinc sulphate. No commercial plant has been built to employ the 
higher current densities, making such items as first cost of plant and operating costs 
nothing more than estimates. A careful analysis of all the factors involved, consider- 
ing the type of equipment and construction irfaterials required, does not indicate 
any material saving in first cost of plant, but does indicate a material increase in oper- 
ating and repair costs, especially in power cost. Operation of a high -density plant 
can not be made so nearly “foolproof” as that of a low-density plant, and closer per- 
sonal supervision is required throughout to insure equally good results. High 
densities, as applied up to the present time, show little promise of supplanting low 
density except in localities having exceptionally low power cost, and other unusual 
conditions which might justify such an installation. 

Period of Deposition. — Shortening the period of deposition nearly always 
results in some increase in ampere efficiency. When some impurity is present, 
or if the temperature of the electrolyte is higher than normal — above 40°C. — the 
effect of variation in time of deposition is more pronounced than if the electrolyte 
is cool and of high purity. It is somewhat generally supposed that the use of high 
current density lessens the effect of impurities in solution, but the real reason is 
probably not so much that high current density lessens the effect of impurities, 
as that shorter periods of deposition an* used with high density. As the period of 
deposition is lengthened, the deposit gradually becomes rougher on the surface 
and tends to spring loose from the surface of the aluminum cathode. With 30 
amp. per square foot and less than 45®C. temperature in the cell, the usual period 
of deposition is 48 hr.; with higher temperature it may be decreased to 24 hr. 
with sufficient increase in ampere efficiency to offset increased stripping cost. 
With lower density — 20 to 25 amp. per square foot — and lower temperature in 
the cell — 40®C. or less — the period may be lengthened to 72, or even 96 hr., with- 
out serious loss in ampere efficiency. 

Miscellaneous Tank-room Notes. — Rotating catliodes have been tried in 
place of stationary cathodes, with the purpose of producing a heavier and smoother 
deposit, but have been discarded from the plants in which they were installed. 
Approximately only one-third of the area of the cathode was immersed in the 
electrolyte, the remainder being subject to re-solution of the zinc deposit by the 
adhering electrolyte. With discs of the size required, warping took place and 
resulted in the edge of the cathode coming in contact with the anode. Cathode 
oontacts gave trouble and the shaft carrying the cathode discs was corroded by 
the electrolyte carried up by the discs. Stripping the deposit was a slow and 
expensive operation, and when impure solution reached the cells, it was impossi- 
ble to remove the cathodes and strip them as rapidly as was necessary. Some 
very smooth and heavy zinc deposits were obtained in the test plant where this 
type of cathode was first used, but its practical application was not so successful. 
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Putity of «me produced can be ctwittolled partly by varying cell cdnditioiia aiwl 
paH;ly by control of the ainc^ust purification, lie cadmium content of the aine 
deposit is altogether dependent upon the purity of the electrolyte. Lead in electrolytfo 
sine undoubtedly comes from the anodes, the amount being largely dependent upon cell 
conditions. High temperature and high acidity give high lead content in the deposHi 
probably on account of imperfect coating of the anodes with manganese dioxide 
under these conditions, allowing particles of lead to be carried over and held meohani- 



Fig. 16 . — Effect of time of deposition and ratio of zin(! to acid on ampere efficiency. 

cally by the cathode deposit. Rough deposits produced by Jong period of deposition 
carry more lead than smoother deposits. With 30 amp. per square foot current den- 
sity, 10 per cent acid, and 50®C. temperature, and a 48-hr. period of deposition, sine 
containing 0.10 per cent lead was produced. The period of deposition was decreased 
to 24 hr., with other conditions the same, and the lead content dropped to 0.07 per 
cent. The rate of corrosion of the anodes does not seem to affect the lead content 
of sine deposit. One plant had serious trouble from anode corrosion, on account of 





1138 

oUorides in fiolutioni but produced sine of higb paiiiy nnd m^nt^iiied bigh ajpopire 
efficiency. Low temperature has greater effect in reducing lead content thaft luaiy 
other factor, and where both temperature and acidity have been reduced, ainc with 
0.01 to 0.015 per cent lead has been produced at 30-amp. density. Iron never goes 
above 0.002 to 0.003 per cent in slabs produced, and this is probably derived more 
from melting and casting equipment than from cathodes. 

The amount of solution held by the zinc deposit is so small, and its zinc content is 
so low, that washing of the sheets is not necessary. An averageMeposit, as sent to the 
casting plant, will contain about 0.25 per cent moisture. 

Starting sheets of zinc have been tried in place of aluminum depositing blanks, but 
have never proved a success. Thin deposits of zinc tear easily and, when dried, 
become quite brittle, making the producing, storing, and handling of such sheets a 
difficult problem. Contacts between starting .sheets and supporting bars have not 
been satisfactory, and tht' sheets tend to redissolve at the solution line, especially if 
the electrolyte becomes slightly impure, causing sheets to fall into the tanks. The 
use of depositing blanks leaves little to be desired and not sufficient trouble has been 
had with the blanks to furnish any incentive to work out the starting-sheet problems. 
There would be some saving in cost of aluminum and some advantages in having a 
heavier deposit to be melted, but the experiences with starting sheets have not been 
particularly encouraging. 

No oil or other preparation is necessary, except in rare instances, to be applied to 
the surface of aluminum starting blanks in order to strip the zinc deposit without diffi- 
culty. One or two periods of trouble w ith sticking of deposits have been encountered, 
but they have not been of long duration. Wiping the surface of the blank with 
gasoline before replacing in the cell will jirevent any tendency toward sticking, if the 
surface of the blank is not pitted. Some aluminum sheets develop scaly surfaces and 
the pitted spots, so formed, cause sticking of the deposit. The best remedy for these 
is to scrap them. 

Aluminum sheets corrode most rapidly at the solution line, and between that point 
and the support bar, due to spray of electrolyte from the cells and corrosion by copper 
sulphate from support bars. That portion of the sheet below the solution level is 
protected by the zcnc deposit and is usually iieaily untouched when the top is corroded 
through. Welding a strip to the top of old plates has been tned and a good weld can 
be made, but the plates, so repaired, will corrode rapidly at the point of welding. A 
plant having five units in the tank room might advantageously design two units of the 
five to use smaller electiodes than the remaining three units and supply cathodes to 
these two units from the scrap resulting from the three units, thereby getting nearly 
double the period of use fi*om the aluminum purchased. Tlio actual loss in weight of 
aluminum, when n sheet is discarded, is not great, and the actual consumption of alu- 
minum per ton of zinc would be a very small item in the cost of producing zinc, but the 
difference between cost of new sht'cts and their scrap value is so great that the loss on 
the unused portion of the sheet makes* the cost for aluminum about 2 per cent of the 
entire operating expenses. 

Good ventilation is essential to satisfactory operation of the tankroom. Some mist 
and vapor arc always present in the atmosphere and, if allowed to condense, contacts 
are corroded and the building roof structure is attacked. The fact that the mist con- 
tains sulphuric acid and zinc sulphate adds to the necessity of good ventilation from 
the standpoint of working conditions. These chemicals ill attack the nasal passages, 
causing ulcers, unless some form of respirator is used. Ordinary cheese cloth, with 
several layers folded together, makes a very satisfactory covering for the nose and 
mouth and absolutely prevents any ill effects on the workmen. In summer, 
ventilation is necessary to keep down the temperature of the atmosphere in the 
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When it becomes necessary to discard solution, due to the dverproductfe 
sulphate in roasting, the solution to be discarded is put through a group 
mamtaining a higher than normal rate of flow to avoid overheating and the siho 
depleted to less than 10 g. per liter. The resulting ampere efficiency will be lower ] 

normal by 10 to 20 pe/ cent, but the voltage on these cells is also below normal^ SO^ 
actual loss in power is not of so much consequence. 


Melting and Casting. — Electrolytic zinc, as cathode sheets, has a very limited 
market and, for most purposes, must be melted and cast into slabs. Melting 
must be done under carefully controlled conditions to avoid formation of an exoes^ 
sive amount of dross composed chiefly of zinc oxide. Casting of the molten ainp 
into slabs is a simple operation and can be done very cheaply. The total cost oi 
melting, casting, handling dross, and loading slabs for shipment amounts to only 
about 8 per cent of the total zinc production operating expenses, when hand labor 
is used for casting and loading. 


A reverberatory type of furnace is used for the melting operation, the depth of 
bath being greater than is customary for similar furnaces for most other metals, varying 
from 30 to 36 in. , depending up)on the area exposed for heating the bath. With a depth 
of bath of 30 in., the hearth should be about 15 ft. wide by 20 ft. long. A furnace 
designed to derive its heat through the bath from underneath would be better suited to 
the purpose than one heated through the surface of the bath, because as much 
melting as possible is done under the surface of the bath and, in order to drive the 
necessary heat into the bath, the temperature in the furnace is carried too high to 
avoid burning some zinc to zinc oxide. 

To prevent loss of zinc through the furnace bottom, a steel pan is placed on concrete 
piers, to allow circulation of air under the furnace bottf)m, and the brick hearth is built 
inside of the pan. Common brick may be used for the bottom and hearth, and 
fire brick above the Hi etal line and in the roof. A charging hole, lar^e enough to permit 
passage of a cathode sheet, is built into the roof, and muffles, from which zinc is ladled 
to be cast, are built into the end of the furnace. These muffles are open on the bot- 
tom, and the sides extend below the surface of the bath to prevent dross from getting 
into the casting ladles and to exclude! air from the furnace. Doors are provided along 
the sides of the furnace, just above the metal line, for rabbling and skimming dross. 

Casting is usually done by hand, using ladles carried from a trolley running on an 
overhead I-beam, each ladle holding about 200 lb. of zinc. Molds are placed in a 
straight line under the I-beam, llie molds are made of cast iron, and produce a slab 
weighing from 50 to 60 lb. 

Dross is removed from furnace in wheelbarrows or concrete buggies and is 
delivered into a heated steel drum which, revolving in one direction, mixes the charge 
thoroughly, and when revolving in the opposite direction will empty itself. A drain 
placed in one end of the drum allows molten zinc, separated from the dross, to be 
removed. A separate furnace may be provided to receive yie dross and, by continued 
heating, drive out most of the chlorine, giving a product which may be returned to the 
leaching system. 

Furnace Operation. — Any fuel may be used with which a reasonable control of 
the furnace atmosphere and temperature may be had. In order of preference, 
fuels are gas, oil, and coal. If lump coal is used, the fire box should be deep enough 
to give a partial effect of a gas producer. A distinctly reducing atmosphere 
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should be maintained in the furnace to avoid burning the zinc, and the gas 
temperature should be kept below 600®C., preferably around 550®C. 

Cathode sheets ai*e charged into the bath of molten zinc in bundles weighing about 
a ton each, using some system, such as rollers, for sliding the bundle into the furnace 
with the least possible admission of air. Charging may be done through either the 
side or the roof of the furnace. As the bundle falls into the bath, the individual 
sheets, each weighing 15 to 20 lb., spread, allowing molten zin(f to pass around each 
sheet. In order to spread the charge as much as possible, more than one charging space 
may be provided, if the furnace is large enough to require it. The total charge should 
pass into the bath and be out of contact with the furnace gases, melting taking place 
under the surface of the bath and receiving the necessary heat through the layer of 
dross on the bath. Charging and casting are carried on simultaneously, holding the 
level of the bath about constant. ‘ 

Some air is admitted with each charge of sheets and each sheet has a thin film of 
zinc sulphate on its surface. The greater the amount of “sprouting” on the sheets 
and the greater the porosity of the sheets, as when produced from impure solution, 
the greater the amount of air carried into the bath and the greater the amount of sur- 
face film per pound of zinc. The zinc oxide formed in the furnace and the zinc sulphate 
from the surface of the sheets form a “dross,” which rises to the surface of the bath of 
molten zinc and holds a high percentage of metallic zinc, forming a blanket of mushy 
material through which 8uci*eeding charges must pass. After about 16 hr. charging, 
the furnace is allowed to cool down and this blanket is worked or rabbled to separate 
as much of its metallic content as possible, the metallic zinc going into the bath, leav- 
ing the mixture of oxide and sulphate on the surface. In oriler to get a g(H)d separation 
of oxide and metallic zinc, sal ammoniac is worked into the rich dross, causing the par- 
ticles of metallics to brighten and coalesce. The addition of sal ammoniac generates 
heat and some zinc is burned during the rabbling period, it is necessary to have the 
side doors open to admit the rabbles, also admitting air. After being thoroughly 
worked in this manner, the remaining dniss is raked out through the doors and trans- 
ferred to the dross drum or furnace, where more sal ammoniac is added and the result- 
ing metallic zme vs allowed to drain out of the “dry” dro&s. A fairly complete 
separation is thus obtairu'd, producing a dross containing about 82 per cent zinc. 
From 3 to 5 ))er cent of the w^eight of cathode sheets charged goes into dross, the 
amount depending upon the physical condition of the sheets, furnace operation, and 
the thoroughness with which the dros.s is treated for the recovery of metallic zinc. 
I^ss than 4 per cent dross is considered good work for average cathode sheets. Normal 
consumption of sal ammoniac is about I lb. per ton of cathodes melted. Approxi- 
mately 20 tons of cathodes can be melted per ton of coal burned In addition to coal 
re(|uireinent8, some oil is burned in the casting muffles, and oil is burned around the 
dross-treatment drum, the total requirement being from 1 to 1 ^ 2 gal- per ton of zinc. 

Dross is a desirable source of zinc f<u* lithopone and for zinc chloride, much of it 
having been used for these puriioses. It is also a desirable material for some retort zinc 
smelters, requiring no roasting and enriching the lower zinc materials treated. Its 
chloride content is the only objection to returning it to the leaching division. Roasting 
at 400 to 500°C\ will remove the chlorine content sufficiently to permit retreatment in 
the leaching division, if calcine being treated contains some soluble silver. If dross is 
retreated, roasting, leaching, purification of solution, electrolysis of solution, and melt- 
ing of the resulting cathode shei'ts must be charged against zinc recovered. The 
location of the zinc plant with respect to market for dross and the cost of retreatment 
are the usual determining factors in deciding the best method of disposal. 

Zinc Dust. — Zinc dust for copper-cadmium purification is made by atomiza- 
tion of molten zinc with compressed air, using a nozzle made from an ordinary 
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pipe cap by boring holes or sawing a slot of tlie proper form. Molten »inc is 
transferred from the melting furnaces to a graphite crucible or pot provided witii 
suitable heating arrangement to keep zinc molten. Graphite plugs having J-i-in. 
holes bored through the center are fastened in the bottom of the crucible^ and the 
nozzles are so placed that the stream of compressed air issuing from the 
nozzle catches the stream of molten zinc, atomizing it and blowing it into a settling 
chamber provided tvith some means of escape for air without loss of zinc dust. 
The particles of dust are chilled so rapidly that practically no oxidation takes 
place. Fineness of dust is controlled by air pressure, size of stream of zinc, and 
design and location of nozzle with respect to stream of zinc. 

The outline formed by the holes in the nozzle, or the form of the slot, is of great 
importance in determining the efficiency of atomization, A V, with rounded bottom, 



or a crescent -shaped air jet are the most efficient. The sides of the jet should close 
just beyond the point where the stream of zinc strikes it, to prevent spraying. Tlie 
bottom of the jet sliould be heavier than the sides. The stream of zinc should strike 
the air jet just back of the point where* the sides of tlie jet come together; if too far 
back of this point, some zinc will be carried up and out, escaping before being com- 
pletely atomized; if too far ahead of this point, the zinc stream will not be entrapped 
in the air jet. 

High air pressure gives finer dust, but 75-lb. pressure will give a product most of 
which IS finer than 100 mesh. Air supply must be well trapped to remove any oil 
carried over from the compressor, otherwise an explosion may oecur in the dust- 
collecting system. Open flames should he kept awnv from the dust plant, the fine 
dust being highly inflammable. 

If classification is desired, sufficient air is drawn through the chamber into which 
the dust 18 blown, to carry out the finer dust, and is passed through a suitable collect- 
ing equipment. If no classification is desired, the chamber is vented through bags 
or other filtering equipment located over the chamber and discharging into it. 
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Labor. — The total labor required for operation and maintenance, including 
everything from the unloading of the concentrate to the shipping of the finished 
sine, will vary fn)m 1.5 to 2.0 men per ton of zinc produced, depending upon the 
capacity of plant and the grade of concentrate treated. Low-grade concentrate 
requires more men per ton of zinc produced in the roasting and leaching divisions 
than high-zinc concentrate. Increasing the capacity of a plant decreases the 
number of men required per ton of zinc. A high percentage of the labor required 
is what is usually termed unskilled labor. Working conditions are such as to 
attract a good class of labor. 

Power. — The actual power required for deposition of zinc at 30 amp. per square 
foot will average about 1.5 kw.-hr. direct currrtit per pound of zinc. Assuming 
03 per cent conversion efficiency from alternating current to direct current, 
approximately l.G kw.-hr. alternating current will be required per pound of zinc, 
or 3,200 kw.-hr. per ton of zinc. Auxiliary power for roasters, leaching plant, 
casting, compressed air, etc. varies in its relation to power for cells with the size 
of plant and the grade of concentrate being treated. For a plant producing 100 
tons of zinc per day from 40 per cent zinc concentrate, auxiliary power amounts to 
approximately 10 per cent of total power; as the capacity of the plant is increased 
the proportion of auxiliary power is decreased. With 10 p(^r cent for auxiliary 
power, the total power requirement for a 100-ton plant will be 3500 kw.-hr. 
per ton of zinc, or approximately 15,000 kw. total requirement. Decreasing the 
current density to 25 amp. per square foot will result in decreasing the above 
figure about 5 per cent. 

For a 48-hr. period of deposition, 87 per cent ampere efficiency is considered a 
good average at 30 amp. per square foot. At 25 anijh jum- Hf|uare foot, ainporc effi- 
ciency will normally be higher by 3 to 5 per cent, due to bettor cooling of the cells. 

Auxiliary Equipment— Leaching in Pachucas requires from 125 to 150 cu. ft. 
of free air per minute, per tank. This air is supplied at from 20 to 30 lb. pressure. 
Some air is required for the agitation of pulp in filters, opening up thickener 
spigot lines, and for similar miscellaneous puri>oses, higher pressure than 30 
lb. being desirable for those uses. Zinc-dust manufacture requires at least 75 
lb. pressure, the volume of air depending upon the number of nozzles and the 
size of the stream being atomized. For all purposes, an average 100-ton plant 
should have at least 1,000 cu. ft. of high-pressure capacity. 

The only steam required, exeept for heating buildings, is for heating water to w^ash 
the residue, heating the solution for tthe precipitation of cadmium recovered from 
purification residue, heatuig the spent electrolyte used tf> dissolve iron for neutral 
leach, change house, and office use, and a few minor iniscellaneous uses. The amount 
required for heating buildings will depend on climatie conditions and the type of build- 
ing construction. Some heat is generated in the li»aching tanks, the temperature 
averaging or higher, and tlie large artMi exposed by the surface of the thickeners 
allows much of this heat to he radiated, thereby reducing the* amount of steam heating 
required in the leaching division. A similar condition exists in the electrolyzing divi- 
sion, as regards generation of heat, but, on account of the ventilation required, not so 
much can be conserved as in the leaching division. No steam heat is required in the 
melting and casting division beyond that needed to keep air and water lines from 
freezing and for heating oil. 
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Wato is required in increasingly large quantities^ as current demdty is 
for cooling of cells. If the plant is so arranged as to permit of its proper distribntloii| 
the water used for cooling of cells may be used again for all other requirements of tJiO 
pl^t, with the possible exception of cooling water for transformers. The cell require^ 
m&it, 6 to 8 gal. per minute per ton of zinc daily output, is more than sufBcient ih 
volume for the other requirements and is not contaminated in passing through the 
cooling coils. , 

A small foundry for making copper, bronze, and lead castings for spare parts for 
equipment in contact with acid- or copper-bearing solution is almost a neecesary 
adjunct to an electrolytic-zinc plant and will prove to be a highly profitable invest^ 
ment. Carpenter, pipe, boiler, blacksmith, electric, and machine shops are needed 
to care for the regular maintenance work. 

First Cost of Plant. — Including all auxiliary departments, water system, tram- 
ming system, bins, etc., the first cost will vary from $25,000 to $40,000 per ton of 
daily zinc capacity, depending upon size of plant, type of construction, grade of 
concentrate treated, cost of labor and supplies, and location of plant. Thus, a 
very large plant, 200 to 250 tons of zinc per day, built under the most favorable 
conditions, would cost $25,000 per ton of daily zinc capacity, A plant of half of 
the capacity, under the same conditions, would cost from $30,0(K) to $85,000 per 
ton. Power-conversion ecjuipmeiit and motors make up the largest single item of 
cost. The second largest item is made up of electrolytic-cell equipment, such as 
aluminum cathodes, lead anodes, cooling coils, tank linings, copper bus bars, 
tank bars, conductor bars, and other lead and copper items. Much of the leach- 
ing plant equipment is lead, bronze, or copiK'r. Koasting and leaching equip- 
ment is j)racti(ally all of standard design for use in other industries, giving it a 
greater salvage value than if of special design. 

The first cost of an electrolytic-zinc plant depends less upon the grgdo of material 
being handled than does a retort plant, as the el<‘clrolyzing division and the melting 
and casting division arc altogether dependent upon the amount of zinc produced, 
regardless of source, and much of the 1 caching-division equipment is dependent upon 
the volume of solution to be handled, and, therefore, on zinc output. The roasting 
etpiipment necessary is largclv dependent upon the grade of concentrate, as is also, to 
a large extent, sonic of the h'jiching-division equipment. More low-zinc concentrate 
can be roasted per furnac(* than high-zinc concentrate, but a greater proportion of the 
zinc in the high-zinc concentrate is rendered soluble, so the roasting equipment 
required for a given zinc production is roughly inversely proportional to the grade of 
zinc concentrate treated. 'Hie first cost of plant is, therefori*, Jess the higher the 
grade of concentrate treated. 

Recoveries. — Total losscvS in the roasting division should amount to less than 
2 per cent, the chief loss being dust loss. (Cottrell treat(‘rs or settling chambers 
will recover most of the dust carried from the furnace by the furnace gases. 
The amount carried out of the furnace is iiei*essarily h^h wlien roasting flotation 
concentrate in a multiple-hearth furnace, but is only a mechanical loss and is 
common to any process using similar equipment for this class of feed. Other 
sources of loss in the roaster division are handling losses incurred in screening 
and cooling calcine and in crushing oversize calcine preparatory to returning it 
for reroasting. 

Jjeaching-plant rc^sidue contains zinc sulphide remaining uuroastod in calcine, zinc 
ferrate insoluble in leaching solution, some zinc oxide not dissolved in leaching, and 
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any zinc sulphate not removed by washing residue with water. The total loss of 
zme as residue is the largest single loss of the electrolytic process and may amount to 
as much as 20 per cent of the total zinc with particularly unfavorable zme ore, such 
as marmatitc, which is a fused mixture of zme and iron sulphides Loss as ferrate is 
usually the mam part of the residue loss, but in the case of very pure ores, such as 
Joplin ores, the loss as sulphide may exceed the ferrate loss Any unroasted zinc 
sulphide carnos approximately twice as much zinc as sulphur TJherefore 0 2 per cent 
sulphide sulphur in calcine, which may be t ikon as good average roasting practice, 
will mean a loss of 0 4 per cent zinc, equivalent to 1 per cent of total zinc in a 40 per 
cent zinc concentrate Concentrate containing much iron will produce a corre- 
spondingly high pen entage of residue with a large loss of zinc as ferrate. As pointed 
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out under roasting, the amount of ferrate formed cannot be definitely predicted from 
an analysis of the concentrate, as the intiiiiac> of contact between particles of zinc and 
mm influences the (ompleteness of combination, but it can be assumed for general 
purposes that, as the iron content of concentrate increases, the amount of ferrate loss 
m residue wdl increase* The real niea^^iire of the efticiencv ol leaching is shown by 
the amount of undissolved zinc oxide remnniing in the residue, good operating effi- 
ciency being a reduction of such zinc m the residue to less than 10 per cent of the 
total zme in the residue. When treating 55 per cent zinc concentrate, the total 
zme in the residue will be about 6 per cent of the zinc m the concentrate, of this 
amount, 8 i>er cent, oi 0 5 per cent of the zinc in the concentrate, should be present m 




THE HI^ECTHOLYTIC tlNC PHOCSSS 


im 


the residue as zinc oxide. Approximately twice as much zinc as zinc sulplutte wilt 
remain m the residue as is present as zinc oxide, that is, from 10 to 20 per cent of the 
total in the residue, or approximately 1 per cent of the zinc m the original concentrate. 
To sum up residue loss from a 55 per cent zinc concentrate; 0.2 per cent sulphur 
unroasted causes 0.7 per cent loss; undissolved zinc oxide causes 0,5 per cent Ipas; 
unwashed zinc sulphate causes 1 per cent loss; and ferrate causes approximately 3.8 
per cent loss, or a tojal of 6 per cent. As the zme content of the concentrate decreases, 
with a corresponding increase m iron content, the percentage loss from sulphide and 
ferrate will increase and the percentage loss as zinc oxide and zinc sulphate will 
decrease. With a 40 per cent zme concentiate, the icsiduc loss will amount to about 
12 per cent of the total zme. 

Figure 17 gives a formula for determining leaching recovery, or recovery from cal- 
cine to residue, and is based on tl^‘ fact that the amount of zinc in a defuute amount 
of calcine that is insoluble m 1 per cent 11280 ^ equals the amount of such insoluble 
zme in residue produced from this calcine The recovery calculated from this 
formula does not include any loss in purification lesidue 

The amount of tlie purihcation residue pniduccd and its zinc content depend 
upon the amount of copper and cadmium dissolved, therefore on the amount of 
zinc dust used foi purification of solution Basic sulphate precipitated from solution 
and solids overflowing the neutral thickeners make the zinc content of this residue 
approximately equal to the amount of zme dust used Retroatinent for recovery of 
zinc and sejiaration of eoppei and cadmium \iill lecovei from 50 to 75 per cent of the 
zme contained An .iverage figure for the net loss of zinc from tins source would be 
about 30 pel <cnt of the zinc dust used 

There is no loss of zinc in the electrolyzing division, unless aeid is discarded. As 
this IS an intermittent pioposition and the zme is depleted fiom solution to 1 per cent 
or less, no estimate can be made of the loss fnim this source for any given ore, but it ifl 
certain not to be of serious consoquem e, it roasting is properly contiolle*d 

Some zinc is lost fiom the meltmg-furnaee operation, amounting normally to about 
0 25 per cent of the total zinc 

Depending upon the arrangement of plant divisions, as affecting the handhng of 
calcine from roasters to leaching tanks, and upon provisions for^handling occasional 
spills of solution, tliere is some handling loss of calcine and solution, usiiallv not much 
m amount, but sufficiently laige to lequirc making some allowance in estimating prob- 
able recovery The sum of all su( h losses m leaching and electrolyzing divisions will 
vary from 0 5 to 1 5 per cent of the total zinc. 

Stalling with a flotation zinc concentrate (ontammg 55 per cent zme, 0 6 per cent 
copper, and 2 per cent iron, expected losses would be about as follows roasting, 2.0 
per ceiit; leach mg-plant residue, 6 pei cent, purification residue 0 75 per cent, 
melting furnace, 0 25 per cent, general handling, 1 per cent, total, 10 per cent, or 
a recovery of 90 per cent from concentrate to zinc 

By-products.— The location of the plant with lespect to markets for the by- 
products limits the value and the production of these materials Common by- 
products, which may be produced m connection with regular plant operation, 
are sulphuric acid, zinc dust, zinc oxide, lithopone, zinc salts, cadmium, and cad- 
mium salts. 

Sulphuric acid is being produced from the roaster gas of one electrolytic zinc plant 
and, \vhere a satisfactory market exists, there is no reason why acid cannot be pro- 
duced from the roaster gas from an electrolytic plant as well as from the gas from 
roasters m a retort plant, except when a high percentage of iron is present in the 
concentrate. With a high mm feed, close temperature control is required and the 
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Lead is deposited as a liponge, containing about 80 per cent lead when dried, and which 
oxidises rapidly in contact with air and melts with the formation of a large amount of 
dross At the present stage of development, the process is really one of concentration 
rather than of direct reduction of lead However, the low cost of operation and of 
equipment required and the high recovery of lead obtained make the process very 
attractive for this class of matenal Large-scale tests have been conducted at Trail, 
and at Great Falls, and the results of a large amount of work dcyie by the Bureau of 
Mines at Salt Lake City are pubhshed m BvU 157 of the Bureau of Mmes, “Innova- 
tions m the Metallurgy of Lead by Dorsey A Lyon and Oliver C Ralston. 

Residue m class 3 is usually a straight lead -smelt mg problem. Low recovery of 
copper, silver, and gold eliminates the bnne-leaching method, except under 
particularly unfavorable conditions for lead blast-fumace smelting Large-scale tests 
are being conducted by the Bunker Hill & Sullivan Mining & Concentrating Co , at 
Kellogg, Idaho, with a wet method that may prove to be apphcable to this class of 
matenal, in which leaching is done with a brine solution, saturated with ehlonne gas 
Graphite anodes and rotating sheet-steel cathodes are used, lead being recovered in 
the form of pellets which are readily melted without much dross loss High recovery 
of lead, silver, and gold is claimed, and it is also claimed that the precipitation of gold 
and silver may be so controlled that part of the lead produced is sufficiently pure for 
marketing without further refining 

Some residue that will fall into class 3 contains hardly enough lead to pay freight 
and cost of treatment at a lead smelter, but does contain enough silver, gold, and 
copper to make it a valuable piocluct Such a residue may be smelted m a reverber- 
atory furnace, with suitable flu\(»s and reducing material producing copper matte 
containing most of the silver and gold, and fume containing a high percentage of the 
lead The matte is treated m a converter to recover copper, gold, and silvei as blister 
copper and the fume, can vmg 45 to 50 per cent lead, is shipped to a lead smelter Some 
lead 18 reduced to metallic lead and is tapped with matte, or goes into the furnace 
bottom That going out with m itte raav be either separated from mo fete, if m sufh- 
cient amount, or may be driven into fume fiom the converter Zinc is largely 
absorbed by the reverberatory slag, but some goes off as fume with the lead Copper 
eonc'cntrate, or other sulphur-bearing material for matte formation, limestone, crushed 
coal, and siliceous ore, if silica is needed, are mixed with the residue to make up the 
reverberatory charge Slag containing 30 pei cent S 1 O 2 , 30 per cent FeO, and 16 per 
cent CaO has bc'cn found to carry the least lead and copper and the most /me of any of 
a senes covering a wide variation of analyses Such a slag will normally contain less 
than 2 per cent lead and over 12 per cent ZnO when treating residue containing 12 
per cent lead and 12 per cent zmc. About 4 per cent of the weight of the residue of 
screened coal is required 

Residue m c lass 4 may be treated in a reverberatory furnace, as just descnbccl, or 
may be treated 111 a copper blast furnace or reverberatory, if it is not high enough in 
Icjad to justify the formation of a type of slag to insure its elimination and the filtra- 
tion of the gases through hags to lecover the fume 

A combination reveiberatory and lead blast-fumace method of treatment is 
especially adapted to the treatment of residue containing some copper, high zmc, and 
not enough lead to make direct lead blast-fumace treatment economically feasible. 
Part of the residue is smelted in a re\ erberatory furnace, thereby eliminating 
copper, and most of the zmc, m matte and slag, and producing fume high m lead and 
low in zinc and copper This fume is mixed with the remaining residue to make the 
blast-furnace charge, thereby reducing the amount of zmc to be slagged m the blast 
furnace, reducing the amount of matte formed, and giving a greater lead fall. 

Before residue can be treated in a blast furnace, some form of agglomeration must 
be resorted to, m order to keep down dustmg losses. A fair smtor may be made by 
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mixing the residue with foul slag and coal and putting the mixture over a 
Lloyd machme, or it may be bnquetted, without any addition of other mateiiali to 
form bnquettes sufficiently hard to handle without producing much fines. Addition of 
fume to the residue hardens the briquettes, being an added advantage of the combina* 
tion reverberatory and blast-furnace method. Partly dried residue is fed mto a pug 
mill, where just the nght amount of water is added, and this product is put through an 
auger bnck machme.# The resulting ribbon is cut into blocks of suitable sise, and 
dried. Zinc sulphate and the gelatinous material contained in the residue have 
sufficient binding properties to make a good, hard briquette. 

It IS possible to eliminate zinc, as well as lead fume, in the reverberatory furnace, 
but the cost of treatment and the cost of purification of solution produced from the 
fume more than offset the value of zinc recovered Arsenic, antimony, etc , contained 
in the furnace chaige are concentra4od in the fume and are dissolved in the leaching 
operation, giving a solution so impun^ that special methods must he employed to 
prepare it for electiolysis Slag having a high foimation temperature, and a high 
percentage of reducing fuel in the ihargt*, are lequired to insure good reduction and 
elimination of zinc, thereby decreasing tonnage smelted and mcieaaing the operating 
cost. Fuming with sulphuiic acid or leaching with strong hot sulphuric acid offer 
greater possibilities as methods of recoveimg zme from residue 

If cheap power is available, smelting in an electric furnace offers attractive pos- 
sibilities due to small gas volume and high recovery of metals Residue is mixed 
with coal and lime rock and charged through the furnace loof The slag hath acts 
as a resistor. Tlu products are lead bullion, leady copper matte, and zmc-load 
fume which is h'ached to recover ziiic, the lead residue being returned to the 
furnace 

Future of the Process. — The present form of the process has boon in me on a 
commercial scale less than 10 years, and, if the progress made during that period 
IS any indication oi future progress, another 10-year period will greatly extend its 
application and ‘•cope of usefulness. Alieady, many low-grade complex ores 
are being ticated that would otherwise remain untouched, except during periods 
of very high metal prices, and it is reasonable to expect that the process will be 
further developed to caie foi additional ore supplies presenting only slightly differ- 
ent problems 

Roasting (oiiliol to prevent the foimation of ferrate offers a fertile field for furthei 
improvement. Much has been accomplished along this line since the early days of the 
process, but it is by no means certain that perfection has }»cen attained. A 
diffeient type of roasting furnice* may be de\eloiK*d to ^iid dong this line, the present 
type being adopted because of its standard design Different methods of raking on 
the uppei fioois to vary the speed at v^hidi the feul is iid\anced :u rosH the floors, and 
more exact cont'ol of air supply and of hearth teinpeiatuies, aie details that have not 
been suffuienth investigated to exhaust all possibilities of improvement with the 
present equiiiment 

Residue treatment or different leaching mc‘thods fo recover more of the zinc now 
lost as ferrate, sulphide, and sulphate will be perfected and will materially reduce 
present loss. Improved purification methods to increase efficiemy of zinc dust or 
development of a substitute for zinc dust ^ ill decicasc zinc loss and operating contn 

Improvements m the puiification of solution and the better regulation of cel! 
operation will reduce power requirements, and, conHecpiently, operating costs. Closer 
spacing of electrode's, higher aveiage acidity, less loss of po^er through bar-hne and 
electrode contacts, etc will result in lowei powc'r consumption. Heavier zinc deposits 
from the colls and better furnace design and operation will rc'duce dross loss m melting 
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fumacps ThpBe and many other parts of the process will be unproved from time to 
tune until tlie process reaches a degree of perfection comparable to many of the older 
establifehed metallurgical processes 

None of the plants now operating is using the original flow sheet or process for 
which it was designed, equipment and buildings having been utilized to meet the 
changes made in the process A much more efficient plant than any of the present 
plants, from the standpoint of labor and material-handling coats, could now be 
designed As the present plants have maintained operations through periods of 
very low metal prices, it is safe to assume that another plant designed for more effi- 
cient operation, and with improved recovery of zini , would bo able to produce zme m 
competition with any of the older pyrometallurgical pUiits 



CHAPTER XXXIII 

CHLORINE METALLURGICAL PROCESSES 

By Stuart Croasdale, Ph D * 

A brief history of chlorine metallurgical processes js a necessary introduction 
to the processes which are now in n^e Piocesses which are no longer considered 
commercial on account of changed operating conditions weie operated success^ 
fully by the present generation of metallurgists and are, therefore, entitled to 
histoncal records. Metallurgical problems are solved frequently by clues fur- 
nished from earlier expenence 


EARLY HISTORY 

Chlorine, as a metallurgical leagent for extracting metals from ores, has been 
used almost exclusively for the recoverv of gold and siher It has been used to some 
extent in the treatment ot low-grade copper ores, hut never in a major metallurgical 
process for the recov(*iy of copper The use of chlorine m the metallurgy of other 
base metils has been subsidiary 

High-grade gold and siK er ores and high-grade basr-mctal orc's containing small 
or large amounts of gold and silver are usually smelted to lecover the metals Chlorine 
has been associated only with hydrometallurgical processes (including amalgamation), 
usually for low-giade ores, but sometimes for high-grade siliceous ores remote from 
other facilitic's foi trealment 

The eaihest hydrometallurgical process for treating gold and silver ores was amal- 
gamation. The date when meicury was hrst used for this purjJosc is unknown 
Amalgamation of gold was known to the Romans and was recorded b> Plmy, but no 
referemre is made to silver For the oxidized ores near the surfac c w here the gold 
and silver wore in metallic condition or the silver occurred as a haloid - this process 
was simple, hut when dcTpcu mining reached sulphide ores another method had to be 
devised to put these metals into a condition to be amalgamatc‘d 

The hrst recordc»d use of mercury m the metallurgy of silver, and in connection 
with it the first recordc'd use of chlorine iii .my metallurgical process, occurs in a 
treatise entitled '‘De la Piroteclinia,’ by Vanoctio Birmguccio, pulilishcal in Venice 
m 1540 * In this treatise it is stated that the ore (previously remsted, if rc'fractory) 
was fanely ground in a stone mortal, sciecmed wet, and dried llie dry ore was 
moistened with vinegai or water, in which had beam dissolved mercuric chloride, 
copper sulphate, common salt, and sometimes fernms sulphate The ore pulp was 
then covered with mercury and ground, or stirred, in the moitar for an hour or two. 
The tailings were washed away with water and the silver was recovered by retorting 
the amalgam 

The Patio process for the treatment of silver orcjs, involving the same* chemical 
reactions as those in the process just described, was invented by Bartolom^ 
Medina, a miner of Pachuca, Mexico, in 1557 * The invention of this process 

^ Chemical and Metallurgical Logineer. Hymoe Bldg , Denver. Colo 

» PbrCy. John, ' Metallurgy of Silver and Gold,” pp 659-'>6i, London, 1880. 

*Pbbct, John, op oit , p 561 
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i« credited to Medina, in a report by Luis Berrio de Montalvo, addressed to the 
Viceroy of Mexico and printed in Mexico in 1643, and also in a memoir by Diaz 
de la C;!aJh‘ to Philip IV, printed in Madrid in 1646. Montalvo intimates that 
Medina derived his information from Spain that silver could be obtained from its 
ores by means of mercury and salt The process was especially adapted to the 
arid regions of Mexico and South America, where fuel and water were scarce and 
transport expensive. It is still used to some extent in thfese countries and will 
be described in detail later. 

The “Cazo” or caldron process was invented in 1590^ by a priest, Alvaro 
Alonzo Barba, at Tarabuco, 24 miles from La Plata, Peru (now Bolivia). This 
process was the ancestor of the pan-amalgamation process. It was particularly 
adapted to the rich surface ores of that distrirt containing chloride of silver, and 
it was also applied to silver sulphide ores to some extent. The process was con- 
ducted in a vessel made wholly of copper, or having a copper bottom. This 
vessel or caldron was provided with a vertical shaft, to which radial arms were 
attached for agitating the ore. Finely ground ore, water, and common salt were 
mixed together to the consistency of a thin pulp and placed in the caldron. 

The caldrons, usually four in number, were placed on top of an adobe furnace built 
like a cook stove, and heated so as to keep the ore jiulp at the boiling point. Mercury 
WJis added and the boiling pulp was stirred continuously for several hours, after which 
time the amalgamation was completed The caldron was removed from the furnace, 
the tailings washed away with water, the amalgam recovered, and the process repeated 
with a new charge of ore. The active chemical leagents were the copper of the caldron 
and the boiling solution of common salt. The silver chloride in the ore was dissolved 
in the hot brine and reduce d to the metallic state by the copper of the caldron, and then 
amalgamated by the mercury The cuprous chloride formed was also dissolved by the 
salt solution and became active in converting the silvei sulphide minerals into the 
chlonde, although if a large amount of sulphide minerals wcic present preliminary 
roasting was recommended on account of the consequent loss of mercury. In later 
years iron was added to the caldrons to reduce and recover mercury that had become 
soluble or floured. 

The Elrohiike process, in which cuprous chloride was added to the hot salt 
solution to decompose the sulphide minerals, was introduced in Chile in 1860. 
The silver was recovered by moans of zinc or lead used in the form of amalgam. 

Chloridizing Roasting.— In Euiope, where luel, mechanical appliances, and 
better operating facilities were available, more complicated processes were devel- 
oped to treat ores. Chloridizing roasting of silver ores was first introduced in 
Vienna by Born, and combined w>th the Cazo process in 1786 at Cliemnitz in 
Hungary. The Cazo process was soon superseded in Europe by the barrel- 
amalgamation process, which was first installed on a large scale in 1790 at Hals- 
brucker Hhtte, near Freiberg, Saxony. Metallurgical works had been established 
at this |K)int since 171 1), and chloridizing roasting with barrel amalgamation was 
used not only for the ores but also for metallurgical products, such as matte, 
blister copper, and speiss 

The chlondized ore or furnace product, still containing on excess of salt, was 
rotated in a w’ooden barrel with water and scrap iron until the silver was reduced to a 
metallic state. Mercury was then added to recover the silver as amalgam. Owing 

1 Babba, Alvabo Alonso, "El Arte de loa Mctales," 3d book. Spam, 1S40. Douglas and Mathibw- 
BON, Eniibsh tr.malatioTi, pp 149-104, New York and liondon, 1923 
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to the base metals present, which were also chlondised in roasting and leduoed by fcho 
scrap iron, the bullion obtamed was very low grade Attempts to ^‘destroy” the base 
metals by roasting at a higher temperature resulted m considerable loss of mlvet 
through volatilization with the base-metal chlorides, and the ohlondismg roast was 
eventually used only on the low-grade ores containmg the least amount of volatile 
base metals 

This led to the invention of the AugvLhhii proceu and its introduction at the 
Gottesbelchnung Hutte near Mansfeld, Germany in 1S43 Later m the same year, 
the process was introduced at the Freibeig vorks In this process ores were roasted 
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with salt and then leaclied with a saturated solution of common salt The silver 
chloride passed into solution, from which the silver was* precipit ited by metallic 
copper The process was introduced nt both Mansteld and lieiberg to lecover the 
silver from the (oppei mattes, but, owing to the imperfect extraction of the silver by 
the brine, it was soon abandoned and was superseded by the ZunogH jrrocean in 1848, 
which was applied more particularly to mattes and furnace produc ts than to the ores 
themselves In this process no salt was used The iron and copper were converted 
into oxides and the silver into sulphate by careful oxidizing roastmg The silver was 
then leached out bv warm water and precipitated on copper 
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HyiK»»ilphite Leachin^PateraRrocess.— In 1848, Dr. John Percy, of London, 
HUggeftted the ufie of sodium or calcium thiosulphate — incorrectly caUed hypo- 
sulphite — as a solvmit for the chloride of silver after ores had been subjected to a 
chlondi^ing roast The first practical application of this suggestion was made in 
1856 by von Patera on the nch silver ores of the Joachimsthal district, Bohemia. 
To reduce losses by volatilization, von Patera introduced steam into the furnace 
dunng the chlondizing roasting This process was first introduced in America 
by Ottokar Hofmann, in 1868, at La Duia, Sonora, Mexico, it was graduaDy 
adopted at other mines in Mexico and the United States, reaching the zenith of 
its application during the succeeding 25 years, until the demonetization of silver 
by the government of the ITnitod States in 1893 closed every leaching plant in 
this country that had been treating silver ore* 

Up to this tune, and for a number of years afterwards, gold in oies that had been 
subjected to a chlondizing roast was supposed to bt converted into the chloride, which 
decomposed into chlorine and metallic gold at a temperature below 300°C Hence, 
if gold occurred in silvei ores, it was converted into metallic gold by chlondizing 
roasting and was not recovered by any of the solvents used for the extraction of 
silver 

Plattner Process.-- Plattncr proposed cori\erting the gold into chloride by 
means of chlorine gas and extracting it with water This process was introduced 
in Silesia, Germany, in 1851 The ore was eithei loasted ^‘dead'' or, if it con- 
tained silver, it was ( hlondi/ed by loasting with salt The sih vt wa^ fust leaehed 
out by bnne oi “hyjiosulphite’^ solution, then thlorme gas was applied to the 
ore in the vats The gold was recoveied by subsecpient leaching With watei 
and precipitating by means of ferrous sulphate (see *‘Wet Chlorine-gas 
Processes’^) 

Longmaid-Henderson Process for Copper Ores.— The treatment of copper ores 
by chlondizing rmsting was first patented by Longrnaid in JS44 and was first 
applied to the extraction of coppei from pyritu residues oi calcines by William 
Henderson of Scotland in 1S5*)- 1860 ^ 

Pyrites from Spam and Tsorwa>, which were used thioughout Europe for 
making sulphunc acid, c ontained fiom 3 to 8 per cent of c opper After the pyntes 
weie roasted foi the nmniifac tuie of sulphuric acid, the residues were again loasted 
with salt by the Henderson process, to convert the copper into chloride The 
chlondized oio was then leached with water or dilute acid, and the copper w^as 
precipitated from the solution by non 

The gases from chlondizing roasting contained suliihurous acid, hydrochloric 
acid, and chlorine To pi event these gases from becoming noxious to the neighbor- 
hood, and to utilize their acids, they were passed through coke towers sprayed with 
water, which collected not only the acids but anv volatilized metallic chlorides as 
well The water from the scrubbing towers was used for leaching the chlondized 
ore 

This process was patented in the United States in 1806 and has been in constant 
use, both in this countr> and Euro|)e, up to the present time It will be further 

' hissLCK, Ma.Ni XL lb( H^dromctallurgv of Copper being an account of proeessos adopted In 
the hydronietallurgieal treatment of cupriferoun ore« including the manufacture of copper vitnoU 
With chapters on the sources of supply of copper and thi roasting of copper ores,” pp 87-104* lioiidon 
and New It ork, 1902 
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described tinder the paragraph on copper ores in the sec^tiou on OhlondieinK RofWtlnfe 
and I^eaching Processes. 

When the residues or ores contained silver, that metal was precipitated from sohl*- 
tion as an iodide by the Clandet process before the precipitation of the copper* 

Hunt & Douglas Process. — About the same time, 1862 , ferrous ohloride was 
suggested by Schaffner and Unger, of Germany, as a solvent for copper in ores* 
This method was def eloped later in the United States into the Hunt & Doui^as 
process. It was designed to treat oxidized copper oies with siliceous gwgue* 

Ferrous chloride was made by dissolving copperas (ferrous sulphate) and common 
salt in water An excess of salt was then added and the sulphate of soda was removed 
as much as possible by crystallization This solution, therefore, became a brine 
solvent containing a soluble base-nietal (ferrous) chloride The process was applt* 
cable to raw ore containing oxide or carbonate of copper and was later applied to the 
separation of silver and copper in roasted matte, because siher minerals are hkewisc 
soluble m the brine as prepared The copper was precipitated on scrap iron in the 
usual manner If silver was present, it was first removed by piccipitation on copper. 

The Hunt & Douglas process, passed through inanv niodific ations on account of the 
difficulty of treating ores containing any carbonate of lime or magnc'sia, both of which 
precipitate the iron from the solvent It wis abandoned ruanv years ago and was 
replaced by smelting and electrolytic rcfuimg Acid leaching has icplacod it m 
hydromc tallurgy 

The Do(tsrh proccs^^ using ferric chloride as a solvent for topper, was invented 
about this same period to treat the sulphide ores at Rio linto \n attempt was 
made in 1914 to reyive this process under the name of the Slain proccs**,* but it did 
not pass the expeninental stage The feature of the Slater process was the regenera- 
tion ol the feme ( hlonde A lixriant contaimng feme chloride and hypochlorous 
acid was produced by suspending feme hydroxide in the anode compartment of a cell 
in wluch a salt solution was electrolyzed After the dissolution of the copper from 
the ore, feme hydroxide was precipitated from the lixivium b\ means of the sodium 
liydroxide pnidiiced in the cathode compartment of the electrolytic^ (»ell Under the 
highly oxidizing conditions in the solution, ferric hydroxide can be pre feientially pre- 
cipitated in this manner without procipit it mg any of the copper The feme hydrox- 
ide precipitate was letiirned to the c reiut in the anode compartment for the 
generation of new lixiviant and the copper was recovered fiom solution by the usual 
methods The only reagent lecjuired was common salt Ihc process was not 
adapted to basic ores A slight modification of this process was developed by the 
Midland Ores & Patcaits Co ^ at Wavcily, N J , in which the solution containing 
ferrous chloride, after piccipitatmg the copper on mm. was regenerated direct by 
c'leetrolysis, yielding feme chloride foi new lixiviant and metallic non foi copper 
prec ipitation (sc'C p 117J) 
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copper, by cooling to separate the lead chloride, by adding powdered hiaestono to 
precipitate the arsenic, antimony, and bismuth, and by the use of air m a special 
manner to precipitate the iron as oxide. It was then electrolyzed to precipitate 
part of the copper as pure metal, and to regenerate cupnc chlonde for leaching new 
ore. Owing to difficulties in manipulation, the process was not a commercial success 

Hoepfner Process for Zinc Ores.^ — ^The ore was roasted with salt at a tem- 
perature not to exceed 650°C and leached with hot wato”. The solution was 
purified by cooling to 5°C to crystallize out the sodium sulphate, by adding bleach- 
ing powder and marble dust to precipitate the iron and manganese, and by adding 
powdered zinc to piecipitate the other electronegative metals The purified 
zinc and sodium chloride solution was electrolyzed for the production of metallic 
zinc and the recovery ol chlorine to make bleaching powdei The process was 
used for a short time in Europe 

Swinbume-Ashcroft Process for Complex Ores. — The use of chlorine gas 
in the metallurgy of lead, zinc, and othei base metals was brought into commercial 
pronunence by Swinburne and Asbcioft of England, who obtained their first 
patents m 1897 * In the original piocess, as ojierated at Broken Hill, Australia, 
dry chlonne gas was applied under pressure to the dry and coarsely pulveiized 
sulphide ore in a closed shaft furnace known as the ‘Hransfoimer ” The chemical 
reactions involved arc strongly exothermic and supplied all the heat necessary for 
operation liy regulating the flow of chlorine gas fo tlie ‘supply of fresh sulphide 
ore, a temperature of bOO to 700°C could easily be maintained m the transforrnei 

The reaction between dry chlorine gih and a minc'ral sulphide results in the 
formation of a metallic ( hlontlc and frt e sulphur, as shown by this t ciuatiun 

XS + cu - XCI 2 4- s 

At the temperature named, the sulphur distilled from the top of the transformer and 
the fused metallic chlorides, with the ganguc m suspension, were tapped from the 
bottom The metals were recovered bv substitution, the fuied chlorides, as they 
came from the transfoiinc r, were stirrtd into a batli of molten lead, whu h decomposed 
tlie precious metal chlorides and recovered these inctdls in thi foim of a high-grade 
lend bullion, from the lead bath the fused chlorides were drawn to mother kettle and 
treated with zinc to lecover the lead, the leniauiing chlorides were then dissolved 111 
water and treated with dilonne gas to oxidize the iron and mangane^ie, rmc oxide 
obtained by roasting high-grade blende, was added to this solution to precipitate the 
iron and manganese <is oxides which were removed along with the gaiigue of the ore, by 
filtration As will be seen by following this line of substitution, all of the original 
chlorine was ultimately combined with zinc and the filtiate from the iron and manga- 
nese oxides was a commertially pure solution of zme chlonde In the final phase of 
this process the ziiit-chloride solution, was evaporated to dryness and the zinc chloride 
fused and electrolyzed loi the recovery of metallic zinc and the regeneration of the 
chlorine gas 

The process was e> chc There was no appreciable loss of chlonne at any stage of 
the operations and all of the substitution metals w ere produced by the process itself, 
but the process did not prove sue cessful as designed and operated Its operation was 
limited to sulphide ores or concentrates carrying not over 30 per cent gangue, in order 
to maintain the temperature required 

* OusNTHBR E . * Electrolytic Zinc Extraction by the Hoepfner Process ' Bng Mxn J (May 16, 
1003), 750-7 Mineral Industry " 6 , 608 and 675. 7 , 743, and 9 , 688 

‘SRiNBiaNB. Jambs, ‘ Chlonne Smelting \^itb Electrolysis, Trans Faraday Soc (London), July 
1, 1903, 3fin iSct Press, Aug Sand 16, 1903 EleUrochem Ind (now Chem Met Eng ), 1 (Aug 1003), 
412-413. % (Oot 1904), 404 , 8 (Feb . 1905) 63-66, Eng Mxn J , Aug 1, 1903. S^sinhabt, O J , 
'Chlonm Smelting, Aftn Sc% Prtss, Nov 28 1003 Ashcroft, E A Trans Inst Mimng Met 
(London) June 19 1901 ^‘Mineral Industry 9 , 692-693, 10 , 267 and 677-682 



CHWnmS MBTAUtVmiCAL PBOCBSSSS tlsir 

t 

A modificsation of this process was developed by Baket and BwrwM^ d Clev6lah4» 
Ohio, m 1904-1908 ^ The finely pulverised dry ore was placed m a poroelam-lkned 
tube mill provided with lead-lined trunmons, and supphed with flint pebbles. IkiW*- 
grade complex ores were treated, and m the absence of a high percentage of 
sulphur the temperature was kept down to 100®C Dry chlonne gas was admitted to 
the tube mill and chemu al action began at once As the tube mill revolved, the peb- 
bles ground off the metallic chlorides as fast as formed and constantly exposed fresh 
surfaces of ore to the action of the chlonne, they also broke up any lumps that might 
be formed The free sulphur that was formed remained with the ore If the tempera- 
ture was allowed to get too high, considerable sulphur chloride was formed, which 
distilled off at about 1 50®C 

After chlorination was completed, the oie was discharged from the tube mill and 
leached with water, thus giving a cleiin solution of metallic ( blondes free from sulphur 
and gangue The metals were recovered from the aqueous solution by substitution. 
The gold and silver were precipitated on copper, the copper on lead, and the lead on 
zinc After oxidation with chlorine gas, the iron and the manganese were precipitated 
by means of zinc oxide, and the zme and the chlorine were recovered bv the electrolysis 
of the fused chloride as in the Hwinbume- Ash croft process A couple of expenmental 
plants were erected in Montan i m thf years that followed but, owing to operating 
difficulties, they did not provt successful Th( most serious difficulties were to evap- 
orate zinc chloride solution without the formation of bisic salts and the consequent 
loss of chlorine as h> drochloric and and also the development of d satisfactory cell for 
the electrolysis of the* fused /me c hloride 

About this time John L Malm, of Denver, Colo , began experimenting with the 
Baker- Burwc 11 process and has continued its modific ition and development up to the 
present time This will be desciibed as the Malm precc^s® m tht section on Dry 
Chlorme-gas Processes 

Pohlfi-Croasdale Volatilization Process.— Loss of metals from volatilization 
during chlondi/ing roasting was known alieady wlicn Plattncr undertook a study 
of the conditions and extent of this loss in an elaborate senes of experiments on 
both oxidizing and fhlondizing loasting The results of his exjKMimeiits were 
published in his ‘ Metallurgisc he Rostprozesse (1856) He mentioned eoiihlder- 
able loss of silver chloride when it came in contact with other easily volatilized 
c blondes and disc ussed at length the volatile produc ts of the chlondizing roasting, 
but he failed to record any loss of gold by volatilization 

Ix)ss of gold b> volatilization was rc cognize d from time to timc^ and was the HOurco 
of serious monetary loss in treating gold-silver ores by chloiidi/mg roasting, but the 
cause ot this loss schemed to be little understood It was geiieially attributed to tel- 
lurium,^ and not to c hlonnc, bccaus» the chlorides of gold were suppose cl to dec ompiOBe 
into the constituent elements at a temperature below 300°C , therefore, all gold 
should remain in the ore m metallic condition The first pc ison to re c ognize chlorine 

I Bakeb Charles Ili A New Appliration of Chlorine m Metallurgy Trarnt Am I ketrochem 
Soc (Oct 1907)12,155-163 ElectToihem MH Ind (now Chem Met 1 ng ) 5 (1907) 44S 6 (1908), 433 
Baker and Blrweli Electrolytic Chlorination Procfss, Mtn Set Ptlhs lib 4 and 20 1906 

» Traphagen F W Dry Chlorination of Sulphide Oris Mtn Sn Puhh (April 10 1909) 622 
Herrick R I The Malm Dry Chlorination Process Mines MtnaaU O&nxxixry 1910) 370 loNinis, 
S A Dry Chlorination of Complex Ores Aftn Suci Press (May 27 1916 ) 781 787 Maier C G , 

* Possibilities of Dry Chlonnation of Oxidised Zinc Materials £!ne Mtn J Press 110, Jan 1923) 
61-54 

* Christy S B The Losses in Roasting Gold Ores and the V olatility of Gold Trans \ 1 M 1^ 
17(1888-1889) 8 Debray H Note surle thlorured or ( ompt reni 69(1869) 984 

• KObtel Guioo Roasting of Ciold and Silvtr Ores and the Extraction of Their Respective Metals 
Without Quieksilvor p 57 San 1 rancisco 1880 Christy 8 B , op ctf p 3 
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M the Bourcp of this trouble was C. H- Aaron,* but after many experiments on toasting 
California gold ores With salt he came to the conclusion that gold is volatilised xtii 
some form not easily condensable.” 

Chnsty* investigated this subject in the best chlorination mills in California as well 
as in the laboratory during the early eighties, and came to the conclusion that losses of 
both gold and silver increase (l; with increased percentage of salt added during the 
roast; (2) with increase of time and temperature during roasting; and (3) when salt 
is added after a long oxidizing roast instead of at the start. Christy qualifies the last 
statement by saying that, “while there is a rapid volatilization of gold and silver when 
salt is added at the end of the roast, the gold chloride is quickly decomposed by the 
SOg gases and by the raw ore itself m the cooler end of the furnace, and the gold is 
rodopoHited in metallic form, so that the actual loss is not so great as when salt is 
added at the beginning of the roast, ” ^ 

Htetefeldt® expressed his opinion that the gold escaped as a double salt, and, if this 
were true, the loss of gold depended on the volatility of the chloride with which the 
gold chloride was combined. 

In an earlier treatise^ Aaron states that the base metals are chloridized by chlond- 
izing roasting, but they are not volatilized to any extent, while Kubtel® takes the oppo- 
site view and states that “base metals as sulphates lake up their share of salt and 
consume a large portion, but, as their chlondes are volatile, the salt is a means of 
getting rid of a gicat deal of the metals dunng roasting which are not desirable m the 
ore for subsequent treatment of silver.” 

The foregoing constitutes a brief summation of the knowledge of volatilization up 
to 1898. Much that is recoided is contradictory. There was no thought of making 
a commercial extraction by volatilization, and the recovery of the volatilized chlorides, 
if attempted, was only a phase of the general treatment of the ores. 

In 1801-1893 Croasdale discovered that a comineicially complete (above 90 per 
cent) volatilization of gold could be obtained fiom Oipple Cieek ores by roasting 
with salt. About tlio sirne lime, Pohl^ mdcpendcntlv obt'uned similar results with 
silver ores from Aspim, (\)lo Systematic investigation of the volatilization of metals 
as chlorides was begun bv these men in 1898 and was carried on with a largc-8<*ale 
expenmeni al plaiA until 1903 ® Numerous investigators’ have woiked on this process 

* Aaron, C H , ' LpachmiBi; Ciold and Silver Ores, the Platfner and Kiss Process, a Practical 
Treatise,” p 121, San Vranointo, 1SS1 

* Christy, S P op (it , pj) 1 44 

•Stktkpkldi, C riir AnmlKiiination of Ciold Ons, and th< Loss of Gold in Chloridising 

Uoasting, with Lsptciul R(f«nii(t to Roasting in a Stetef* Idt Furnacf , Tram AT M E , 14 (1886) 
330-3*11 

• Aaron, C II , ‘ A r^racticil Treatise on Tt sting and Working Silver Ores,” San Francisco, 1876, 
pp 35 30 

• KCstkl, Guido, op , p 29 

• Croamdai.!!., SiUART, ' Volatilization of Metals as Chlorides,” Eng Min J (Aug 29, 1903), 
312 314 (Sept 19, 1903), 420 Mm Mag London, (March 1914), 200- 204 Mather, Henry A , Eng, 
Mtn J (Sept 5. 1903 and Oct 17, 1903), 576, Ha5%kinb, Edwin N, hng Min J (Oct 3, 1903). 
490, ItosE, Sir T K , ”Mctallurg\ of Gold,” p 291, London, 1915 

* Vaaley, Thom\s and others, Hull 211, *U S Bureau of Mines, 1923, the chloride volatilization 
process of ore treatnunt, being a complete compilation of the work that has been done on this process, 
Latnq, Habai R , "Chloridizing Processes,’ Min Set Press (January 17, 1920) 77-83, “Chlondo 
VolatilisalSon Proceos,” op cit (August 27, 1921) 284, “Thermal Requirements of Chlondinng Vola- 
tilisation,” op ctl (Feb 2'», 1922), 204-206, ‘'Cblondizing Volatilization — Some Experiments and 
Their Practical Application,” Eng Mm Jn (Nov 12, 1921) 704-770, Bradford, Robert H, ”The 
Volatilization Process at the Pope-Shenori Mine,” Min Set Press (August 20, 1921), 203 260, Varley, 
Thomas, and STrvKNsoN, C C , ”l>f velopment of the Chloride Volatilization Process by the U S 
Bureau of Mines,” Eng Min Jn (June 11, 1921), 991-993 Varley, Thomas, “Chloride Vcdatihsa- 
tion,” Eng Mtn Jn (Ftb 18, 1922) 276-278 Gahl, Rudolf, "Heat Requirements in Chlotidizmg 
Volatilization,” Eai; Mm Jn Press (June 3, 1922), 957-9.58 RAiiSTON, Oliver C , “Heat Requirements 
of Chlondizing Volatilization,” Eng Afm Jn -Press (Apnl 15, 1022), 614-616, Howe, Ben. “Gold 
Recovery bv Volatihzation, Monthly Journal^ West Australian Chamber of Mines (Deo«, 1012), Aftn. 
Mag , London (Mar , 1913), Af«n Set, Press (Mar 29, 1913), 484, (Oct. 4, 1913), 535. 
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sboe that time. Ilie proeem will be further dhtousBed in the eeetioB on 
VoiatilizAtioti Processes. 

The sections which follow will treat of processes that are now in use, evm 
some of these processes have passed their metallurgical prominence; they will txmt 
of processes which are in the course of commercial development* 

CHLORIDIZING PROCESSES FOR RAW ORES 

• 

With the exception of the Malm process, the«ie processes are necessitriiy 
confined to the treatment of surface ores, or to clean gold and silver sul|^i<te 
ores in which the gold and silver sulphide minerals arc not combined with ba^ 
metal sulphide minerals. To obtain a commercial recovery of the gold and 
silver, the ba&e-metal sulphide minerals should not exceed 2 or 3 per cent; if 
more than this amount, concentration or roasting should precede the chloridizini; 
process. Ores in which the silver is combined with arsenic and antimony as 
sulphides must be treated by chlondizing roasting to liberate the silver. Base 
ores containing carbonates of lime and magnesia are not adapted to these proc- 
esses, owing to their precipitating action on the metallic chlorides, which 
prevents reaction on the silver minerals The gradual disuse of these processes 
has been brought about by the world-wide depletion of surface or suitable ores 
and the necessity of other methods of treatment for the complex sulphide ores 
that come with deeper inining; also by the possibility of treating lower-grade 
ores on a larger scale at less cost by the cyanide process. Base-metal recoveries 
are made only with the Malm process. 

The Patio process is still used in isolated districts of Mexico and South 
America, but with modern machinery and methods of transpoitation it has been 
almost completely replaced by the cyanide process and by the custom-smelting 
plant. A complete description of this process is given on page 1053. There- 
^re, a brief outline of its relationship to chlorine metallurgy will suffice here. 

The salt and copper sulphate read to form sodium sulphate ai^d cupric chloride. 
Some cuprous chlonde is toimed by the action of mercury on cupnc chlonde and this 
is dissolved by the biine in the ore pulp. Both cupnc and ciipious chlorides react on 
the sulphides of silver, forming silvei chloride and copper sulphide The sdvei chlo- 
nde IS dissolved by the brine in the torta and the silver is precipitated in metallic 
foun by the mercury, after which it is immediately amalgamated. Mcrcunc and 
mercurous c blondes arc formed by the chemical reactions. (Considerable silver 
sulphide is said to be reduced directly to metallic silver by the mi‘r(‘ury, with the 
formation of mercuric sulphide. 

The recovery of silver by this process will range from 75 to 80 per cent on favorable 
ores, but will drop below 00 per cent on ores containing an appreciable amount of 
base-metal sulphides, particularly blende or arsenical and antimonial sulphide 
minerals. 

There is a chemical loss of mercury in the form of soluble c hhmdes, as well as a 
mechamcal loss due to the flouring of the mercury by surface chemical action of sul- 
phide mmeralb, but the total loss is not so much as would^ be expected. It is said to 
amount to about one and one-half times the silver recovered. 

This process is applicable .only where labor and the few necessary supplies are 
cheap, equipment and freight are costly, and time of little importance. For example, 
the Noche Buena and Fehz Ano mines m the Totolapam district, about 75 miles oast 
of Oaxaca City, Mex , still have in active operation six patios and are preparing to 
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build «x more. Extaraotion by the patio process is reported by the manager to be 
unusually high. Excessive freight rates, by mule back transportation, on stamp 
null concentrates — 66 pesos per ton — have caused the mine owners to enlarge their 
patio facilities ^ 

The Pan-axnalgaxnation process was evolved from the cazo or caldron proe< 
ess. In liJurope, where it was first used, the amalgamating was done in revolving 
barrels and was known as the “barrel amalgamation*' process. Pan amalgama- 
tion seems to have been an American development and it w^as first operated in 
the United States at Washoe, Nev., in 1861. For a long time it was known as 
the “Washoe process," 

The “pan” was made wholly of cast iron, or with a cast-iron bottom and wooden 
sides. In either case the bottom was made holKiw for the introduction of steam to 
heat the charge. Cast-iron mulleis for grinding, stirring, and amalgamating the 
ore were attached to a vertical shaft m the center of each pan. The capacity of 
each pan ranged from 0.6 to 2 tons of ore and was usually about \]>i tons. 

The ore was first cnished by jaw crushers and then by stamps or ball mills. If 
crushed wet, the excess of water was removed by settling tanks The crushed ore 
from the settling tanks was then bhoveled into the pans Salt and copper sulphate 
were added in the r4itio of 6 to 10 Ih of salt and to 5 lb of copper sulphate per 
ton of ore. When the ore is free from interfering minerals, the salt has been reduced as 
low as 2 lb and the copper sulphate to 1^4 Ih per ton Water was addend in sufficient 
quantity to make a thin mud and steam was adnulted, not oiilj^ in the jacketed 
bottom of the pan, but sometimes into the ore itself, until the tliarge in the pan was 
maintained at the boiling point The grinding and stirring of the charge was con- 
tmued for 2 or 3 hr , in which time the chemical action was (ompleted 

Mercury, equal to 10 per cent of the weight of the ore, was then sprinkled over the 
ore pulp bv straining through canvas or chamois and the stirnng continued for 3 hr 
longcr^ — when amalgamation was completed 

The whole charge was then waslied from the pan into a settling tank provided 
with radial arms, and agitated under a constant flow of water until the amalgam 
collect!^ Ill the bottom of the tank and the tailings were washed away The amalgam 
was then transferred to a small pan known as the clean-up p.in, where it was stirred 
with additional mercury and w'^ashed with water until fn»c from ore particles. The 
silver and gold were finally recovered by letorting the amalgam 

The clicmistry of this process is the same as that of the Patio piocess, except that 
the iron of the pan and mullers also acts as a reducing agent, not only for precipitating 
silver m metallic state from its chlorides but also for preventing the formation of anv 
ehlorides or sulphides of mercury, and m this manner avoids the chemical loss of 
meicury nu'iitioned undei the Patio process. The ore must be siliceous or neutral 
in charaeter to a\oid precipitation and the loss of effective copper salts by the carbo- 
nates of lime and magnesia 

Two important modifications of the process were developed later. The first was 
known as the Boss process, in which the ore from the stamp mill was finely ground 
m pans and then flowed continuously thiough a senes of amalgamating pans and 
settling tanks. This made the process continuous and saved considerable time and 
labor in transferring the charges from settling tanks to pans and from pans to settling 
tanks. The otlier modification, where economic conditions were favorable, was the 
introduction of the chlondizing roast previous to pan amalgamation. By this 
means the silver sulphide minerals, as well as the base-metal sulphides, were con- 
verted more completely into the chlorides m the roasting furnace, and the addition 
* Eng Afw Jn -Frew (Sept 6, 1925), 380 
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of salt and copper sulphate to the pan was rendered unnecessary unless the ore was 
insufficiently chlondized during roasting 

The pan-amalgamation process a as well adapted to surface or oxidized silver-gold 
ore where the gold was subsidiary m value and not amenable to ordinary amalgama^ 
tion and where the silver occurred as a haloid, or, if it occurred as a sulphide mineral, 
the ore was comparatively free from the base-metal sulphides. With sucfi ore the 
recovery averaged between 80 and 85 per cent, the process was metallurgically clean; 
it yielded a product of bullion and involved no troublesome by-products; it was 
simple to operate, the supplies needed were cheap and easily obtained 

The disadvantage of the process was Ihe small capacity and consequent high oper- 
atmg cost per unit of equipment, namely, one pan This has been the principal 
reason foi the abandonment of this process and its replacement by leaching processes, 
particularly the cyanide process #The last two notable and eminently successful 
examples of the pan-amalgamation process in the United States were at the Common- 
wealth mine, Pearce, An? , and at the Presidio mine, Sh ifter, 'I'ex 

At the Commonwealth mine the ore was almost pure quiirtr, the ore milled aver- 
aged 15 07 sil/er per ton, tlie silver occurred principally is a haloid The gold was 
subsidiary m value and aveiaged 0 05 oz per ton The first null, built m 1896, had ft 
capacity of 200 tons daily, which was largo for pan am ilgamation The ore was 
crushed dry in Jenisch ball mills, but these were not entirely satisfactory, and after a 
fire m 1900 they were replaced by stamps and the ore was cnished wet The mill 
operated until 1910, when the cyanide process wns introduced The recovery by 
pan-amalgamation was 77 per cent on 15-oz ore, the average tost of nulling was $1 60 
per ton for the 400,000 tons treated, the loss of mercury w is 0 2 lb per ton of ore. 

At the Presidio mine* the ore was a siliceous limestone averaging ISoz of silver 
per ton, principally as a chloride The ore also contained some galena A pan- 
amalgamation mill of 70 tons daily capacity was built in 1881 and operated continu- 
ously until 19H, hen it was converted into a cyanide plant of larger capacity The 
average reccueiv by pan-amalgamation is reported to have been S') per cent So far 
as the writer knows, the reconstruction of this mill marks the cxtnictjon of the pan- 
amalgamation process m the United States, but the process is projiablv still used to 
some extent in South America It is not without merit and can be safely recom- 
mended under favorable conditions 

The Malm process is espociallj adapted for the treatnieiit of complex base- 
metal ores m the raw state This process will bo described in the section on 
Dry Chlorine-gas Processes 

CHLORIDIZING ROASTING AND LEACHING PROCESSES 

Chloridizing Roasting. — The gradual exhaustion of oxidi/ed ore and the 
increase of base-metal sulphide minerals with the silver sulpliide minerals, 
together with the increased facilities for transjiortmg fuel and supplies, led to the 
introduction of chloridizing roasting and the attendant leaching processes 

In chloridizing roasting, furnace heat replaces witei in effecting the domred 
chemical redactions, namely, that of breaking up the sulphides m the natural minerals 
and converting the mentals into then respec tivc chlondes 'T lus w done l)> rcaating the 
ore with common salt and a proportionate amount of sulphui in almost any type c)f 
roasting furnace If too much sulphur is present in the ore, the excess is removed by 
preliminary roasting, if the ore is completely oxidized, sulphur is usually added m the 
form of pyrite or native sulphur m sufficient quantity to complete the reaction 

* Adkinbon, Hbnby M , “ The Silver Mine of Te*»e,” Eng Min J (Aug 2, 1002), 150-151 
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The reaction betweet^ the aalt and sulphur, when heated in the air, is shown 

by the following equation : 

2NaCl + S + 20* « Na2S04 + CI2 (i) 

From this equation it is obvious that an excess of sulphur in an ore is an 
unnecessary consumer of salt. 

For the metals that are converted into chlorides by chloridizing roasting, 
the following equations will indicate, in their simplest forms, tjhe chemical reactions 
that occur in the furnace: 


2NaCl -f AgaS -f- 2O2 « Na2S04 -h 2AgCl (2) 

2NaCl + CuS -H 2O3 = NaaS04 + CuCU (3)* 

2 NaCl + PbS + 2O2 « Na2S04 + PbCU (4) 

4NaCl + 2CuO 4-82 + 02 = 2Na2804 + 2CuCl2 (5) 

4NaCl + 2PbO + Sa + O2 * 2Na2fi04 + 2PbC^.l2 (6) 


The equations for oxidized ore apply alsc) to the carbonates, which decompose to 
the oxides on heating. Sulphates and silicates decompose salt by the direct inter- 
change of the eleiiiontH and radicals without the addition of sulphur. 

Iron pyrite loses one atom of sulphur at low temperature, which assists in 
decomposing salt for the chloridization of oxidized ore, as indicated above. The 
ferrous sulphide formed by tlie loss of this atom of sulphur reacts with salt in the*^ 
presence of air to form ferrous chloride in a manner similar to the other metals. This 
salt is probably oxidized to the ferric chloride in transitu to the oxide of iron, but in 
cither state it decomposes at low tempemture and becomes an active chloridizing agent 
for the other metals. Comparatively little chloride of iron is ever found in leaching 
solutions or in fumes from chloridizing roasting. Tlie iron oxide thus freshly formed 
undoubtedly becomes an active catalytic agent and assists in the above-mentioned 
chemical reactions. 

There arc good reasons for believing that basic chlorides and double chlorides are 
also formed, but these need not bt* speculated upon here. Arsenic and antimony, 
which are frequently found in silver minerals, probably form combinations of this 
character. The method of calculation stated above has been found to l>e remarkably 
dependable in praVtice, but it must be remembered that, in roasting, there is a dry 
mixture of ore and salt, both of which are crushed to pass, on the average, a 0.75-nim. 
screen. It is, therefore, impossitile to get the intimate contact between the salt and 
the mineral particles that is obtained from a solution of salt and finer grinding of the 
ore. For this reason, and on account of volatilization and mechanical losses, it has 
been found advisable, while imiintnining the ratio between the salt and sulphur, to 
increase the proportions of both about 25 per cent in relation to the ore; also, for the 
reasons above mentioned, it is needless to say that these computations cannot lie applied 
to a silver ore containing no chloridizablc base metal, because the amount of salt 
necessary to combine with silver alone would be almost negligible and it would be 
difiicult to bring atHmt chemical reactions. 

From Eq. (1) it will be observed tljat 116 parts by weight of salt combine with 32 
parts by weight of sulphur, or, in practice, it may be said that the ratio of salt and 
sulphur is as 4 : 1. If sulphur occurs in the ore, this ratio will govern the amount of 
salt required for an efficient chloridization. The amount of sulphur that will yield 
the best results is that which will combine with chloridizablc metals to form their 
normal littilphides. For example, as shoi^m in Eq. (3), 65 parts by weight of copper 
combine with 32 parts by weight of sulphur to form normal copper sulphide, or a ratio 
of copper to sulphur as 2:1. Therefore, an ore containing 4 per cent copper would 
require 2 per cent sulphur and 8 per cent salt to yield the most efficient chloridization. 
By the same method of computation, a 7 per cent lead ore would require less than 1 per 
cent sulphur and 4 per cent salt for chloridizing roasting. 
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/ In the early days of cbbridiaing roaatiiig there was a t^mey to us<? 
percentages of salt than neoessazy . Iiater practice reduced this amount and It 
ranges from 5 to 15 per cent of the weight of the ore, depending somewhat W tfcoi 
amount of sulphur present. Ten per cent is usually the maximum required for aH OtO, 
treated by this process, and for this amount of salt the sulphur should be as nW HA 
posable to 2.5 or 3 per cent. 

In the chloridizing roosting of silver ores, the roasting furnace does little more 
than start chemical action. For example, the ore>salt mixture remains in a Stetefc^dt 
furnace only a few seconds while dropping from the top to the bottom — a distance <rf 
about 40 ft. — against an up draft. The red-hot ore is drawn from the furnace and 
dumped into a “soaking-pit,” or bedded on a cooling-floor to a depth of 3 or 4 ft, 
where it remains several days until cool. More than 60 per cent of the chloridisation 
is done on the cooling-floor. 

The temperature of chloridizing roasting should not exceed 600°C., which is a low 
red heat. Above this temperature there is considerable loss of the metallic chlorides by 
volatilization. Gangue materials and water vapor, as a rule, have little influence 
on chloridizing roasting at low temperatures. Gargeu^ states that aluminum silicates 
begin to decompose salt at 550®C\ Spring* states that lead chloride begins to decomh 
pose in the presence of water vapor at 110°C. and even sodium and potassium chlorides 
*^e partially decomposed at 400°('. Bagdaaarian® found that water vapor, diluted 
with air, decomposes zinc chloride at temperatures as low as 500‘’C. This phastn 
of chloridizing rousting will be diseussed under Chloride Volatilization Processes. 

Practically all types of roasting furnaces have been used for chloridizing, namely, 
hand reverberatory, Bruckner, White-IIowell, Stetefeldt, McDougall, Edwards- 
Merton, Wedge, Herreshoff, and Holt-Dern. Descriptions of these furnaces can bo 
found in any standard treatise on metallurgy and those that have gone out of use will 
not be mentioned further here. 

The most satisfactory typo of furnace yet developed for ordinary chloridizing 
roasting, and the one most universally used at the present time, is the Wedge or 
^'multiple-heartlC’ furnace, in which the ore and salt mixture is fed at the top and 
raked from one hearth to the next by rabbles or plows attached to radial arms from a 
vertical central shaft. This furnace is usually mode with five supi^rimposed hearths 
20 ft. m diameter. It is fired at the bottom hearth with wood, coal, oil or gas from an 
attached fire box. The coal required is about 10 per cent of the ore charge, depending 
upon the quality of the coal used and the amount of sulphur in the ore. The capacity 
of such a furnace is 80 tons of ehaige (ore and salt) per day, although with careful 
manipulation it has reached 100 tons per day. 

The Edwards-Merton is less complicated in construction than the Wedge furnace. 
It requires no specially designed fire brick or tile. The mechanical parts are simple in 
construction and easily obtained. These arc requisites in isolated districts (see 
Brine Leaching of Silver Ores). 

The Holt-Dern furnace, a recently developed type, has betm applied to chlo*. 
ridizing silver ore at Tintie, Utah. It is alow, shaft furnace, built of concrete, and 
provided with a rocking, self-dumping grate for discharging the roasted ore. The 
furnace is filled with a moist mixture of pulverized ore, coal, and salt, A low air blast 
is applied to facilitate combustion. New ore mixture is charged at the top, while the 
chloridized ore is drawn intermittently from tlie bottom. The operation of the 
furnace will be further described under Brine Leaching of iSilver Ores, 

The Stetefeldt furnace went out of use with the passing of hyposulphite leach- 
ing in the United States but recently it has been revived in modified form for Oxi- 

* Qarqcv. a . Compt rend lOS fl8S6), 1164. Ann Chim Pkyn fO), 10 (1887), 105, Baodasarian. 

A B , ‘'Influence of Certain SolidM and Gases on the Chlondixatiou Roast," Eng. Mtn J n. Prea$ (June 

13, 1925), 063 „ « . 

* Sprino. W., Benchte 18 (1885), 344-345: Baodasariaw, A B , op, cU., 963. 

* BAaDABARlAR A. B., Op, 0t<„ 964, 
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cUemg roasting of flotation coneentmtes; it alao haa merit as a ehloridisiBg ^Amaoe^ 
fotr which it was originally designed.^ 

Where higher temperatures are used^ as in volatilisation roasting, the moderii 
development of the White-Howell furnace is the only type that has been found satfa^ 
fack>ry. This is the regular cement kiln used for burning clinker. It is a cylinder 
100 to 125 ft. long and lined with Are brick. It is fired directly with oil^ producer gas, 
or powdered coal, at the discharge end. 

Dust losses are negligible in chloridizing roasting, becaus^ as soon as the tem* 
perature is high enough to start the sulphur burning, which is below a red heat, chemi- 
cal action begins and the roasting charge has the appearance and physical character 
of having been wet with water. Losses that may occur are due to the volatilization 
of metallic chlorides as fume at high temperatures, and not to mechanical loss as 
dust. 

Following chloridizing roasting there are, necessarily, attendant processes for 
the recovery of the metals. These are described chronologically in the following 
paragraphs. 

Pan Amalgamation. — For a long time the pan-amalgamation process was used 
to recover silver and gold from ore that had been chlondized by roasting. The 
process was the same as that used on raw ores, except tliat the addition of salt 
and copper sulphate to the ore in the pan was unnecessary unless the chloridizing 
roasting was poorly done. This process was gradually superseded by leaching 
processes, sor reasons alr(*ady stated. 

Brine Leaching of Silver Ores. — The actual leaching of silver ore with brine, 
after chloridizing roasting, began with the Augustin process in Germany in 1843 
and continued to be used in Hungary for the recovery of silver from matte up to 
1893. Owing to the prevalent use of pan amalgamation — even for ore which had 
been chloridized by roasting — and the early introduction of hyposulphite leaching, 
brine leaching of silver ore did not make much progress in the United States. 
It was first successfully applied by D. W. Brunton at the Stewart mill in George- 
town, Colo., in 1876. Later, he operated this process at the Caribou mine in 
Boulder (\>unty, Colo., and, up to 1879, at the Silver Peak mine in Nevada. 
Briickner furnaces were used for chloridizing roasting. No effort was made to 
recover any base metal except the copper used in precipitating the silver from 
solution. The process was not revived for the commercial treatment of silver 
ore until 1911, when the Holt-Dern process* was developed at Park City, Utah, 
and reached commercial operation in 1914. In 1915 a plant was constructed at 
Silver City, Utah, by the Tin tic Milling Co. This plant is now dismantled, 
but, during its operatiou it became essentially a pDot mill for a larger plant 
constructed by the Standard Reduction Co, at Harold, Utah, to treat the low- 

* Vanadtum Ores — The United States Vanadium Co operates a plant at Rifle, Colo , for the treat- 
ment of KiliceouH vanadium ores (roscoelite’f found in the sandstone beds of that vicinity. The ore 
carries about 3 5 per cent vanadium onde It is roasted with salt at low temperature and sodium 
vanadate is formed instead of vanadium chloride. The roasted ore is leached with water and the 
ViOi IS precipitated from the solution by the addition of sulphuric aoid This high-grade precipitate 
Is filtered off, woshtn:!, dried and shipped to the ferro-alloy plants m eastern United States 

* HotT. Thvodorb P , “ChlondiBing Leaehmg at Park City,'* Trana A 1 M E , 49 (1914), 183-197; 
ScififlDT, F. S , " Rejuvenating the Chlondising Roast,” Aftn Sc% Presg (Aug 29, 1914), 324-328; 
SctBXRD, Qboros H , ” Park City Milling Co Eng Afin J (Aug 8, 1014), 254; Derk, G H , "The^* 
Mities Operating Co , Park City, Utah ” Eng Mtn J (Aug 8. 1014), 253; Keep, Gubwk A , **Chlo- 
ndising Blast Roasting and I«oaching,” £n 0 Mtn J (Feb 6, 1915), 265-269, and (Feb 13, 1015), 315- 
322; Holt, Theodore P, "Chloride Roasting and Leaching, Tintic Milling Co.,” Mtn, Set Press 
(Apr. 24, 1920). 603-604. 
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grAde ^9ilv«r-l«ad ore from the Tintio Standard mine. The operatioi^ erf thf 

plant were largely experimental and further reference to tliem is 

The larger plant has a capacity of 200 tons per day and has been operated 

continuously since it started in January, 1921. 

% 

The process ‘ consists of a chlondizing roast m a Holt-Dern furnace, followed by 
a percolating leach with a nearly saturated solution of common salt acidised waiK 
sulphuric acid. Th# silver is recovered by piecipitation on cement copper, and the 
copper and lead by precipitation on detmned scrap iron 

The recovery of lead at the start was to be incidental, as it was at the pilot plant, 
but, stimulated by the higher prices for the metal during the last few years, effort 
has been made to improve the recovery — which was less than 50 per cent — ^and to treat 
ores containing a higher percentage of lead than was accepted formerly 

The average analysis of the ore treated during 1924 was as follows. Au, 0 025 os 
per ton, Ag, 18 26 oz per ton, (^l, 0 J, Pb, 5 0, SiOj, 65 0, Fe, 10 0, C^aO, 0.7; 8, 3 0; 
and As, 0 7 per cent It is essential that the lime content of the ore be low, the 
sulphur not exceed 4 per cent, and the gold be negligible 

The ore mixture is made up as follow s The ore, w ith S 1 o 10 per cent salt, is crushed 
to pass a 10- mesh screen (about 1 8 mm opening) Fuel is added in the form of 
coal dust, usually between 1 and 2 per (ent, depending on the amount of sulphur (as 
sulphide) m the ore With 3 per cent sulphur, 1 5 per cent coal is used, as the sulphur 
(hanges the coal is varied, using the ratio of sulphur (oal = 1 0U5 Sulphur is 
maintained as near 3 per cent as possible, it the sulphui (ontent falls below 2 per cent, 
the charge bums unevenly and loses heat rapidlv dining the rechaiging pcTiod, if it 
exceeds 4 per cent, the chaige fuses in the furnace, becomes troublesome to handle, 
and IS pooily c hloricli/cd Water is a necessaiv ionstitucsit ot the c*harge for the** 
pin pose of agglomeration and forming a more porous oi e-bed It is added in suffi- 
cient quantity to make the ore stick together w^hen pressed in tlu‘ hand With a 
lO-mesh fet'd the water rcc|uired amounts to about 7 pc'r cent, loo much water makes 
a hard calcine, too little makes roasting slow with atpnden(\ lobe ‘ spotty ’ Water 
18 supposc'd to issist in tlic c hlondization by the foimition of h> droc hlonc acid 

The feature of this process is the unusual type ol chloricli/ingjiirnace which has 
been described at the beginning of this section The Holt-Dern loasteis consist of a 
row of remforced-concretc boxes, 7 by 9 ft by 5 ft deep inside, set end to end, on the 
bottom aio mc'chinicallj operated gratt»s with hoppers undc'meith Iji'ading into 
the hoppeis undei the grates, is a pipe through which an air blast is supplic*d at 8 oz 
pressure by a diiect-c onnected Sturtevant fan This airangcment helps to cool the 
roasted ore and heats the air blast A common flue, through which the gases are 
drawn, runs the full length of the furnaces and connc'cts with the absoiption chamber 
for the recovery of ac id, and thence to the stack 

The furnace is startcol with a layer of coal dust dampened with oil, spiead ovoi the 
grate, and ignited This is followed with a special ore* mixtiiie, riclier with coal 
than the charge The air blast i** turned on, and when this c harge is burning properly 
the regular c h irge is added At regular mtcrvals the grate mechanism is set in motion 
and the c harge is lowered in the furnace, so as to leave a bed of ic‘cl-hot calcines, about 
10 in cleep, on the grate to start the new charge burning As the loastcd ore is drawn 
from the furnace, new ore mixture is added at the lop m 4 25-ton charges The 
capacity of each furnace is about 25 tons of calcines per day The temperature in 
the center of the roasting ore is supposed to be between 700 and 750'’^ The furnace 
is operated with a cold top to prevent, as much as possible, loss by volatilization 
1 Allsn, H P and Ma.doe, W C , ‘ Chlondizing MiU of the Standard Redw lion Co ’ Traim 
A I M E, (Sept, Vi25) Min Mel, (Aug, 1926), 444 Pawsons A B, The 1 mtic Standard Risiuo- 
tion Plant,*’ Eno Mtn J -Preaa (Aug 22 1925), 284 Olobiobt, G L , “Proaent Trend m Treatment of 
Complex Oree,” Mm Met (July, 1924). 346 ^ 
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The hot chloridiKCHl ore is dropped from the hoppers into, li ckmetete 
through which a stream of brine or weak'' mill solution is flowing. This Eushc» the 
ealcmes into one of six concrete leaching vats. These vats are 2S ft. in diameter by 
1 1 ft. deep inside, and have a filter bottom made up of crushed quartsite. Each vat 
will hold about 225 tons of calcines when filled within 8 or 10 in. of the top. After 
leveling the charge, leaching is started. The lixivium is drawn through 3-in. earthen^ 
ware cocks into two concrete tanks of the same size as the leaching vats. The firsts 
or richer part of this lixivium, is designated as “pregnant solutiftn" and carries about 
3 oz. silver and 14 lb. lead per ton; the subsequent lixivium, known as “weak solution/’ 
is discharged into the second tank and is used for sluicing calcines into the leaching 
vats. 

The hot lixiviant obtained in the manner above described, containing an excess 
of salt and the soluble base-metal chlorides derived from the chloridizing roast, 
forms a quick solvent for the silver chloride and some of the lead salts in the ore. 
It is necessary to maintain a slight acidity (varying from 2 to 5 lb. of acid to the ton) 
in the leaching solutions at all times. A small part of the supply is derived from the 
gas-scrubbing chamber through which the gases from the roasting furnaces pass, 
l)ut it is necessary to maintain the greater part of this acidity by the direct addition 
of sulphuric acid. The water from the scrubbing chamber probably contains 
a mixture of sulphuric, sulphurous, and hydrochloric acids. The regular lixivium 
from the leaching vats contains about 22 per cent salt and has an average temper- 
ature of 62‘'C. 

The time cycle for leaching the chloridizcd ore is distril)utod as follows: filling 
the vats, 24 hr.; leaching with weak solution, 48 hr.; with barren solution, 48 hr.; 
with wash water, 8 hr.; draining, 2 hr.; emptying vats, 8 hr. 

The presence of lime and magnesia is objectionable in an ore because they combine 
with the sulphur and prevent chloridization in the roasting furnace; they consume 
acid in the leaching solutions; and they have a precipitating action on the base-metal 
chlorides, (iold in the ore is only slightly chloridized and the recovery never exceeds 
35 per cent, (lold, thert'fore, is not desired and if it occurs in the ore in appreciable 
quantity it must be recov(‘red from the tailings by another process. (Chlorine gas 
added to the leaclyrig solutions will give a good extraction of thp gold, but it has not 
been found feasible to use this in practice. The recovery of gold will be further dis- 
cussed under (Chloride Volatilization Processes and Wet Chlonne-gas Processes. 

A lixiviant saturated with salt has been found troublesome to handle in com- 
mercial practice, and it apparently docs not have the solvent power for silver chloride 
that is obtained by slightly weaker solutions. The mill solution, as now constituted 
at the Standard plant, has a carrying capacity of 25 to 30 oz. silver per ton, which is 
a concentration not approached in practice. Dissolution of the lead, however, is 
quite a different problem. Lead in the calcines is considered as present in the form 
of the sulphate and not as the chloride. The quantity of lead salts that brine will 
carry depends on the solution temperature, the chlorine concentration, and the 
sulphate content. An equilibrium in the sulphate content is soon established in 
mill solutions, which prevents furt-her dissolution of load salts. If the sulphate con- 
tent (expressc^d as Na25S04) could be kept below 2 per cent in the mill solutions of the 
Htandard plant, it would bo possible to recover about 1.25 tons additional lead per 
day; but, as these solutions arc returned to the circuit, the sulphate content is con- 
stantly increased by the addition of acid, and by the sulphates from new calcines. 
All known methods for removing these sulphates are prohibitive on account of the 
expense. Increasing the leaching time from 4 days to 9 days, raised the recovery of 
the lead from 65.7 per cent to 92.5 per cent, but this procedure would require greatly 
increased leaching capacity. 



cMim*rs pisioffmiks lHI' 

Bdmcdiy , the mlver wa« teooveted from sohitioii by ptecipitatHi^ m 
The pmipitate w^e melted mto bullion 976 fine. Now, the silver (and itfe 
precipitated by cement copper (produced by the process) passed oountexuWedl^ 
to the lixivium through four Pachuca agitators These tanks are made df cotkiKMite 
and the agitation is done with compressed air. After a certain period the eo|iper 
the first agitator ceases to function, this has been attributed to the deposition of 
tallio arsemc. The s^ver precipitate is then withdrawn from the first agitator and tha 
copper from the second agitator is by-passed mto the first The average analysis of 
the silver precipitate is, \g, 8760 oz per ton (30 per cent), Cu, 16; Pb, 2; As, 26; I5b| 
1 6 per cent, and the remainder is principally iron, alumina, and “insoluble.** Hiis 
precipitate is washed and roasted slowly in a small reverberatory furnace. The 
arsenic is volatilized and recovered in bags as As^Oa, the temperature w then raised 
to oxidize the copper The roastjpd material is treated with hot, dilute sulphuric 
acid (25 per cent), which dissolves the copper The residue is dried and sold to the 
smelting companies The analysis of the final silver product is, Ag, 10,000 to 14,000 
oz per ton, Cu, 1 0, As, 0 75, and Pb, 1 S per cent 

The lixivium leaving the Pa( huca agitators flows through eight precipitating boxes 
or launderss for the recovciy of the (opper These boxes are 30 ft long, 5 ft wide 
and increase from 18 in to 3 ft in depth, they are made of concrete in the usual form; 
the bottoms slope to facilitate sluicing Ordinary scrap iron was formerly used as 
a precipitant, but now defmned sheet scrap is used m order to supply greater pro^ 
cipitatmg surlac e md to prodiu o a higher grade c opper precipitate At comparatively 
low temper it ures, the copper is precipitated preferentially from the lead Part 
of the cement coppcT thus produced, is used to precipitate the silver and the balance is 
shipped to the smelters, it contains about 100 oz Ag pi'i ton, 50 pc'r cent Ou, and 6 
per cent Pb, })esi(les non and other impurities 

The lead also is prec ipitated on detmned scrap sheet iipn, but, to get a sufficiently 
rapid a<tioi), ^he temperature of the solution must be inamtamed above 75®C. The 
solution lea\iTig the copper prec ipit iting boxes has a temperature of about 45’*C; 
this 18 pumpcnl into a tank httc'd with copper coils and is heated with low-pressure 
steam to the requued temperature befoic going to the lead precipitating boxes The 
lead precipitating boxes are hlteen in number and are of the samevsize and form as the 
copper precipitating boxes The' lead precipitate contains 6 5 oz Ag per ton, 70 per 
cent Pb, and 5 per cent Cu, besides iron, alumina, and other impurities, it is shipped 
to the smelters without drying and contains 21 per cent moisture The iron and the 
alununa in the i opper and the lead products are probably in the form of basic salts. 
It has been found advantageous to remove the tm from the tm-plate wrap before 
using the iron as a precipitint This is aci omplishod by treating the scrap with a 
solution of (Mustic soda cont lining a small amount of litharge ^ Tho litharge is 
obtained by roasting the lead jirec ipitate The tin is not recovc‘red 

Tho average rec ovctv of tho metals from the o o is, gold, none, silver, 80 8 per cent; 
leiul, f)5 7 per c ent, copper, 52 2 pcT cent 

The cost of mill tr(*atm(‘nt per ton of dry, crude ore is, operating labor, St 738; 
operating supplies, SI 310, rejiair labor, $() 653, repair supplies, $0 539, power, $0 283 
total, $4 432 The cost of labor and supplies at the plant is, labor, $5 per 8 hr day; 
salt, $4; slac k coal, $3 05, and tin-platc scrap, $18 per ton 

The concrete construction used in the leaching vats, precipitating boxes, and 
tanks, IS important The aggregate was composed of crushed ijuartzitc* and siliceous 
sand containing 96 per cent S1O2 The maximum size of th<‘ aggregate was 1 5 in.f 
the proportions used were 66 per cent of the coarse and 35 per cent of the fine. The 
ratio of cement to aggregate varied from 1 3 to 1 4, except in the lead and copper 
precipitating boxc's where a ratio of I 5 was used None of this concrete has shown 
I 8cbnabxl Caul, “Handbook of Mttallurgj,'' %, 423 Now York aud I oiidon, 1898 
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any deterioration from the corrosive solutions except the widts of the absorption 
chamber, whore the gases from the roasting furnaces are sprayed; these walls have 
been attacked by the acids and are now protected by plank, painted with elaterite^ 
Cracks occasionally develop m the lead precipitating boxes, due to the change m 
temperature when washed with cold water, such cracks are chipped out and filled 
with a 1 1 cement mortar. 

The mill is placed on a steep hill-side and the solutions are moved by gravity as 
much as possible, where pumping is necessary, wooden air-lift pumps are used for the 
corrosive solutions, and acid-proof oentnfugal pumps handle the barren solution 
The launders are made of concrete 

Considerable space is devoted here to the description of this plant because it repre- 
sents years of experimentation and the expenditure of a large amount of money m 
an effort to exploit a new principle of ore roast iijg on an old metallurgical process, 
brine leaching of silver-lead ore has been studied here also in great detail under modem 
and most favorable conditions The results as a v^hole show that little, if any, 
pecuniary advantage has been gamed over shipping the ore to the local smelters; 
this fact does not reflect adversely on the merit of the brine leaching process, but 
clearly illustrates how local conditions, not only should govern the selection of an ore 
treatment process, but may affect its commercial value 

The interesting and novel features of the plant hav(» been the roasting furnaces 
and the use of concrete construction The basis of success m ehlondi/ing roasting 
and leaching processes is an efficient ehloridization, consequent! \ , the interest m 
this plant centers priinarilv in the furnaces used for ehloridizing roasting 

Whatever economies miv be obtained m the construction and operation of the 
Holt-Dern funine, it is fundarncntallv wrong for chlondizing roasting Highly 
oxidinng eonditums are imper itive for efficient chloridi/ation, these conditions cannot 
be obtained when earbonai eons material is mixed with the ore ehiirge and used as 
fuel The reducing conditions in this furnace are amply j)rov(*d by the tendency of 
the ore to matte oi fuse when the sulphur content exceeds 4 per lent At the low 
temperature maintained, the effective thlonne can be libeiated from the salt only by 
the sulphuric acid radic il, the sulphuric acid radical can be formed onh by supplying 
the elemental sulphur with suthcicnt oxygen Apparcaith, to obtain these esscmtial 
oxidizing conditions, it would be bettei to use a percentage of sulphur high enough to 
maintain the he it of chemical reaction and use no coal at ah It is necessiiy also, 
m the operation of these fuiiiaces, to use an ore charge too coaise for efficient ehlori- 
dization, in order to maintain sufficient draft, unless the mineral particles are freed 
from the garigue b> the coarse crushing, it is impossible to chloridize a mineral particle 
entirely enveloped by gangucj The ore mixture should be crushed to pass a 20 or 
liO-mesh sereem for proper chloridiring roasting 

Water cannot possibly have any theniical influence on the c hlondi/ation at the 
temperature and under the conditions existing in this furnace, it is completely evapo- 
rated before any decomposition ran take place The water probabl\ dissolves some 
salt and thereby brings that salt into more intimate eontac t with the mineral particles, 
and, in this manner, aids the chemical action Aside from improving the physical 
condition of the ore charge, it can only consume the extra heat units neecssarv for 
its evaporation 

The ehloridization might be improved if the roasted ore were allow ed to remain on 
a cooling-floor for a few days, but tins, of course, w ould lose the heat desired for the 
leaching solutions IhobabU inuc h of the ehloridization is accomplished by the base- 
mctal ohloridi'S formed b\ the reaction of their sulphates with the salt 

Comparing the results obtained at the Standard plant with those obtained by 
hyposulphite leaching on the much more difficult ores from Aspen, Colo (see “Hypo- 
sulphite Leaching of Silver Ores”), the question arises whether chlondizing roasting 
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in a standard fumaoe and undar proper oonditiona, followed by hypoaidphtte leaching^ 
would not give much better results; such treatment of ore from Cteede, Colo,, wliie£ 
is similar in character to the Tintic ore, yielded a recovery of over 00 per cent of th| 
silver. Lead and copper are recovered also by this process. The final prdduots^ 
obtained are fully as liigh grade and are marketed in the same manner as the produets 
obtained at the Standard plant. Hyposulphite solutions are non-corrosive and aice 
easily regenerated. 

Losses by volatiftzation at low temperature roasting in a standard chloridising 
furnace are not prohibitive, and the volatile chlorides are easily recovered. 

Pilot plants, including Holt-Dern furnaces to be followed by brine leaching, hav® 
been installed at San Vicente, Bolivia, and at Pulacayo, Bolivia, to replace the hypo- 
sulphite leaching that has been in use there for thirty years. The success of this 
process will liinge on the adaptation of blast-roasting to high sulphur ore. This 
has been solved, it is stated, by returning a portion of the calcine to the charge bin 
to be mixed with the crude ore, thereby reducing the sulphide-sulphur content ofj 
the furnace charge.^ 

Manganese^dber Ores, — Clevenger and Caron* have nmde an exhaustive study of 
the treatment of manganese-silver ores, which are notoriously refractory. The 
results of this work may be summarized as follows: 

^‘It appears that in manganese-silver ores of secondary origin, formed at low 
temperature, the refractory silver mineral is manganitc of silver; whereas, if the ore 
deposition has taken place at higher temperature, silver silicate may also be present,” 

“Our experience, however, is that, whether or not the manganese present has a 
fixed ratio to the silver, it is necessary to dissolve all of the manganese; or if reduction 
is practiced, all the higher oxides must be reduced to manganous oxide in onler to 
obtain the highest recovery of silver. This clearly indicates that in certain of those 
ores although the silver has no fixed ratio to the manganesi', the manganese is directly 
related to the refractory silver . . We have found that the refractory silver in tho 
original ore is insoluble in all Ihe common solvents for metallic silver and its salts — 
that is, cyanide solutions of all concentrations, dilute and concentrated nitric acid, 
dilute sulphuric acid, salt solution, alkaline thiosulphates, ammonia, mercury, and 
other reagents. This conclusion harmonizes with all previous wofk on the problem.” 

“In the (‘hloridizing roast, as formerly carried out in various types of roasting fur- 
naces, the ore was first given an oxidizing roost, which was followed by the addition 
of the sodium chloride for chloridizing. During the oxidizing roast tho Mn02 would 
be dissociated with the formation of the lower oxides MnsO* or MnjO,, depending upon 
the temperature and time of heating. Also, during this stage, a large portion of the 
amenable silver compounds in the ore would combine with the Mn iukI Si02 to form 
additional refractory compounds. It is, therefore, not unusual during an oxidizing 
roast of ores of this class for all of the silver to be converted into r(*fra<*tory compounds 
where originally there had been only 60 to 75 per cent of refractory silver. On the 
addition of sodium chloride to the heated ore in an oxidizing atmosphere a consider- 
able proportion of the silver is converted into silver chloride, but the conversion is 
never complete, as indicat(*d by the subsequent low recovery of silver. It is, there- 
fore, obvious that the conversion would probably be more complete if oxidation could 
be avoided during the earlier stages of roasting. 

“With chloridizing blast roasting, the necessary fuel and salt are mixed directly 
with the ore, and, after ignition, the air is cither blown or drawn through the charge. 
Under these conditions, during the heating of the ore an excess of carbon is left which 
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%0 % greater or leas exi^t reduces the higher oxides ci magmieee io the lower oseUOm 
^ven as low ea manganous oxide. 'Hiis condition largely liberates the silver ki g 
^&)ely divided metallic condition which is ideal for chloridisation. However, during 
this first stage, in which the conditions are reducing, no ohloridization of the silver can 
take place at the temperature employed; but later, after the fuel is consumed, the 
mixture of hot ore and sodium chloride comes in contact with the air, at once giving 
conditions favorable to ohloridization.^' ^ 

This idea has be<*n developed in the Vermaes process' in which the finely crushed 
ore is mixed with organic material and sodium chloride. This mixture is heated to a 
temperature of 320 to 330®C., after which the ore is cyanided. The organic matter is 
added for the purpose of breaking up the manganese-silver compounds. The reduc- 
tion of natural manganese dioxide begins at a temperature of approximately 90°C. 
^ in an atmosphere of hydrogen or carbon monoxide^ In the dry distillation of organic 
material, hydrogen, carbon monoxide, and hydrocarbons are readily formed at 
temperatures of 180 to 200°C., and the reducing gases so formed will react with the 
higher oxides of manganese, reducing them to a lower oxide —generally to MuaO^. 
According to Vermaes, the silver will then combine with the salt to form silver chlo- 
ride. Since the temperature in this process does not rise above 330°C , all the charcoal 
rtfiulting from the distillation of the organic material remains unacted upon and 
finely divided throughout the ore. Vermaes claims there is no loss of gold or silver 
by volatilization at this low temperature. Clevenger and Caron found a small loss 
of gold but no loss of silver when conducting the chloridizing roast in a reducing 
atmosphere at 300®C ; they also found that “the silver is not all present as chloride, 
a sfiikldi part being in the metallic state, since decomposition of silver chloride begins 
in a reducing atmosphere at 300®(\” The amount of salt used in this process is 1 to 
3 per cent depending on the proportion of silver present in the ore. 

The percentage of silver volatilized* from manganese-silver ores by the chloride 
volatilization process is far below that which would be necessary for successful com- 
mercial operations. 

Conversion of these refractory manganese-silver compounds into silver chloride 
by wet methods has been attempted by several investigators, but chiefly by Linton.* 
He ground the ore Und salt to pass a 100-mesh screen and then agitated the mixture 
for 24 hr. in a o per cent solution of sulphuric acid. The ore pulp was then filtered 
off, washed, and cyanided. The silver recoveries varied from 60 to 94 per cent. 
Clevenger and Caron found that the extraction of silver vanes as the manganese is 
dissolved as sulphate, and in order to obtain a high extraction of silver it is necessary 
to dissolve all the manganese; therefore, the process is amenable only to ores low in 
manganese and with a gangue insoluble in acid. The use of hydrochloric acid instead 
of sulphuric acid has yielded high recoveries of silver when followed by cyanidation; 
free chlorine is evolved when either acid is used. It is difficult, particularly with the 
higher grades of manganese-silver ores, to filter and completely wash the ore pulp. 
The manganese sulphate remaining in the residue is an active cyanicide. 

Brine Leaching of Lead Ores.* — In 1916 considerable work was done on the 
hydrometallurgy of lead at the Bunker Hill & Sullivan mine at Kellogg, Idaho, 
following an attempt to use the dry chlorine-gas process. It was found that dry 

\ Vbrmass, Stbpanus Johannes, “Troatment of Refractory Manganese Ores Containing Precious 
Metals or Silver Alone,” 0 S patent 1234426. July 24, 1917, Clevbnobk, Galen H and Cahon. 
Mawinvs H , op r«< . p 34 

* Clbvbnobr, Galen H and Gabon, Mabtxnub H , op , p 30. 

•Linton, Robert, “Silver Ore Treatment in Mexico,” Jour Chen* Mel M%n Soc of South Africa 
t, (March, 1000), 307; Clevenger, Galen H and Caron, Mabtxnus H , op at , p 81. 

• Lyon, D A and Ralston, O C , ” Innovations in the Metallurgy of Lead,” U S Bur Mines 
BvU 157; “Leaehmg Lead from Carbonate Ores,” Mm Sci. Press (Mar 1, 1919), 277-282; RaLhton, 
0. C , “Salt in the MetaUurgy of Lead.” Trans. A. I. M. £.. IT (iai7). 684-656. 
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<diloriiw gs», aeting on lead sulfide, produced lead mdjdute and sot 
The fine galena eonoentrates were, therefore, roasted to ^e sulphate nf kid 
tto ordinary no^ethod and the roasted ore was leached with Btroxig 
of cotnnion salt. This solution was electrolyzed^ using sheet-iroh anodelBs 
lead was obtained in spongy form with the theoretical consumption 
The process seemed feasible with reference to cost and recovery, but, with a aWiiltt 
mg plant already in^operation and treating all classes of ore, the leaching 
was not developed to a commercial scale 

Experimentation by U C Tainton, metallurgical engineer for the Bunker Bill A 
Sullivan Co , has been continued since that time in perfecting the electrolytic cell, 
and now a pilot plant has been constructed to treat the tailings from the oonocn^ 
trating mill The tailings contain^considerable siderite or carbonate of iron They 
were given an ordinary oxidizing roast to convert the iron into the msduble 
and the galena into the sulphate The calcines were then leached with hot brineCOU*^ 
taming ferric chloride The lixivium was passed through a diaphragm electrolytic dsB 
equipped with insoluble anodes Lead and silver were precipitated on the catho^^ 
and the chlonne hbrrated at the anodes was absorbed by the ferrous chloride itt tJjjm 
tion, regenerating feme chloride for new lixmant 

Later development m this pilot plant during 1924-1925 has resulted m further 
changes m the process The ore is now roasted at a temperature not exceeding 500'*C 
in a cyhndrical furnace, which is heated electncall> h> a central core of heat-resisi%g 
iron pipe, this obtains a highly oxidirmg atmosphere without the contaminati^ ^ 
fuel gases It is proposed to change the source of heat from electricity to oil 

The roasted ore is leached with water to it*move the nnc and other soluble sul- 
phates It 18 then leached with hot brme from the electrolytu cells, to which some 
bleaching power has been added The calcium (hloride in the bleaching powder 
precipitates the sulphuric acid radical from solution as cah lum sulphate and thereby 
obtains an efficient dissolution of the lead This is followed by a leat h with new brme 
solution The ore treated contains about 5 per cent lead The consumption of salt 
IS from 30 to 50 lb per ton of ore , 

The lixivium from the leaching vats contains 12 to 15 lb of lead per ton and is 
sent to the electrolytK cells, these cells are closed for the recovery of the chlonne 
The anodes are gr iphite and arc separated from the cathodes by diaphragms The 
liberated chlorine gas is passed over lime to prevent it from becoming obnoxious 
around the plant, this also forms the bleichmg powder used in the process Only 
the calcium chloride — not the calcium hypochlorite — thus produced, performs aqy 
valuable function in the process The le id is precipitated on a submerged revolvmg 
cathode (135 r p m ) with a current density of 15 amp per sq ft and at a pressure of 
3 to 4 volts The lead is deposited m a spongy condition and is constantly blushed 
off the cathode It is pumped from the bottom of the cells and sent to a filter to sep- 
arate it from the eleetroljtc The lead sponge is melted mto bullion and the elec- 
trolyte, entirely free from lead, is returned to the leaching vats Gold and silver ore 
deposited with the lead, but, by using a lower current density, it is possible to prO- 
cipitate them preferentially from the lead m a highly concentrjted product 

This process is in continuous commercial operation at the Bunker llill & Sullivan 
Mine 

The Chemical Metallurgical Corporation of Frigland likewise developed the 
Elmore process for the extraction of lead and silver from lead-/inc concentrates or 
high-grade complex ores The ore was given a chloiidizing roast with a small amount 
of salt at a tempcraturcj not c xc ceding 4()0®C , m order to c hloridizc the silver only 
The roasted ore was then agitated m a senes of rubber-lined cones with a saturated 
salt solution bontaming 10 per cent sulphuric acid, at a temperature of 100*^C Sul- 
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phureted hydrogen was given of! and lead sulphate was formed. Sulphur dioxide 
gas was introduced into the last cone to prevent the formation of silver sulphide from 
the sine sulphide present. Lead and silver passed into solution and the zinc remained 
as a sulphide with the gangue. The solution was passed over lead plates to precipi- 
tate the silver and then cooled to precipitate the lead as sulphate and chloride, llie 
process was not a commercial success on account of the extreme mechanical di0iculty 
in handling the hot, corrosive, acid solutions on a large scale. ^ 

The (combined Metals Reduction Co.,^ an organisation financed by the National 
Lead CW orectod a plant at Bauer, Utah, in 1925, to treat complex sulphide ores by 
thdSttfam^Christensen process.* The ore treated is the very complex middling from 
the concentrating mill where selective flotation is use don complex ores. This middling 
product is treated with hot brine acidified with hydrochloric acid, which dissolves the 
lead and silver sulphides (also oxidized minerale^^ but does not attack the zinc and 
cupper sulphides. Hydrogen sulphide is evolved which may be used as a precipitant 
for the silver and lead if desired, but evidently this procedure is not feasible because 
this gas, at the present time, is sent out of the stack; unless it is utilized eventually 
it will become a nuisance in large scale operations. It has been found more advan- 
tageous to separate the lead chloride by cooling the lixivium than to recover the 
iJRl direct from this solution by means of electrolysis or by precipitating on iron. 
An attempt was made to fuse the lead chloride thus produced and precipitate the 
lead by the addition of metallic zinc, but no market could be found for the zinc chloride. 
It is proposed now to smelt the lead chloride with lime and return the calcium chlo- 
ride to the circuit. 

The hydrochloric acid used for acidifying the hrme is made in a separate plant so 
that the sulphates can be eliminated from the lixiviant and thereby secure a high 
extraction of the lead (compare with the Ilolt-Dern process described under ‘‘Brine 
, Ixjaching of Silver Ores”). The lixiviant is a nearly saturated solution of salt; the 
acidity is varied to satisfy the lead content of the ore treated and is maintained at 
the ratio of 0.5 lb. hydrochloric acid to each 1.0 lb. of lead in the ore; at the end of the 
leaching operation, the lixiviant should contain 0.5 per cent of free hydrochloric acid. 
During the leaching operations it is necessary to maintain the temperature of the 
lixiviant at 95®C' , Vhicb is near the boiling point. Such a solution is very destruc- 
tive to any typo of leacliing vat and to all appliances used in the plant; the materials 
used in this construction are confined to wood and rubber. The lixivium coming from 
the leaching vats is said to carry 4 per cent or 80 lb lead per ton. 

The plant was designed for a capacity of 150 to 200 tons of ore per day, but the 
mechanical difficulties in handling the hot, corrosive, acid brine; in disposing of large 
quantities of hydrogen sulphide gas; and in making a satisfactory recovery of the 
metals, have been so great that the process can scarcely be considered past the experi- 
mental or pilot plant stage. 

An experimental leaching plant, using practically the same process, has been 
established at Keeler, California, b}" the C’hemical Development & Reduction Co.® 

The extraction of silver and copper is about 90 per rent respectively. 

Brine Leaching of Copper Ores. — The use of chlorine in the metallurgy of 
co|)per is now confined to the chloridizing roasting of cupriferous cinder from 
sulphuric acid manufacture. The principal source of this material is pyrite from 
Spain, which is not only shipped to the United States but to many points hi Europe, 
although other sources of pyrite are also used in quantity. 

1 “Snyder-Christenaon Process Works Well at Bauer, Utah,” Stiff Mtn Jn-Prew (July 4, 1025), 
Nows Item 

* IT S patent ir»49(H»2, Aumunl U, J925, CHRIaTENaK^, N C 

’ Davvhon', C M, “The KxiM'rifiieiiUl Plant of the Chemical Dexelopiiicnt A Be<luution Co,,” 
Snff .tftw Jn (Sept 5, 192.'S), 



cmmifts MBTAUvs^^ pRocjmm M 

The i^tiee ia essentially the same m the United States and Suirope^ and alee in 
Japan. The process is more extensively used m Europe and some modiScatione have 
been introduced there by Ramdn^ that are known as the Kamenia sy^itetti. TW 
and roasters are operated so as to leave a little more sulphur than copper In the 
cinder The average copper content is between 2 5 and 3 per cent, and the sul^ 
phur IS between 3 and 4 per cent This slight excess of sulphur is desired to get the 
proper heat of reaction If not already m fine condition, the cinder or calcine frcm 
the acid roasting fu^mces is pulverized to pass a lO-mesh screen. For this grade of 
emder, 8 to 10 per cent of salt is added The Scandinavian plants use principally 
Norwegian pynte cinders, and these vary widely in both chemical and physical prop- 
erties Some of them contain 2 to 6 per cent nnc The rmc sulphide does not 
oxidize readily, and consequently the cinder carries a higher percentage of sulphur, 
which must be compensated with an additional percentage of salt 

The furnaces used are the Wedge type in the XTnitod States and the Ram4n-Beskow 
type m Europe Both types are multiple-hearth furnaces and are usually direct 
fired on the lower hearth by producer gas or by coal from a lire box ^ 

The Wedge furnace is 20 ft m diameter and has five hearths. The Ramdtl- 
Beskow furnace is essentially of the same ronstruc lion as the W< dge, but the first and 
second hearths are separated, making tvio compaitments of the furnace. 
combustion gases thus are kept separate from the acid gases from the' chlondizing 
niast The di aft is regulated by fans The ore in ixt are on t he first hearth is brought 
to a temperature of about 300®C by the use of fu<*l, this is sufhcienf to start the 
chloridi7ing ac tion From this point the ore pasbPb to tlie lower hearths successively, 
and, with the chemical action staitc'd, enough heat is generated exothernucally to 
complete the c hloridizatioii without extianeous fuel, and there is no danger from 
o\erhenting or from loss b\ volatilization 

The coal rcquircxl in American prnetice vanes fiom 8 to 12 per ecmt of the weight 
of the cinder, doptnding upon the character of tlie cinder treated, the furnace oon- 
ditions, and tin equality of c oal usexl At the Osc arshamn Copper Works, Oscarshamn, 
Sweden, wheie the latest improvements of the Rameiiui systc^m have been in operation 
about four (now eight) >ears, the Ramfin-Beskow furnaces are fired w ith producer gas 
made from t irry w ood 7 he wood consumed c orrosponds to about 2 pc r c ent of coal, 
based on the weight of the cinder In order to maintain the heat of redaction, they 
mix a cert nil amount of green p>rit( with the cinder during chlondizing roasting 
Since the> pay for the sulphur and copper, and sometimes for the iron in cufinferous 
pynte, the amount paid for the sulphur thus consumed as fuel makers their actual fuel 
cost eciui valent to Amoncaii practice, ilthough it is not so publislied * The temper- 
ature IS never allowed to (exceed 1100®F , or bOO^C. Below this temperature there 
no loss of copper by volatilization. 

The leaching vats are made of wood Concredo, glazed tile, and acidproof brick 
have been used for lining vats in the United States, but oiieration over a period of 
\ears has proved that wood is as satisfactory material U'- any othe*i In Europe, 
reinforced concrete is used Conneeting pipers oi launders are made of wood and 
solutions are usually liftcid by air-lift pumps, although m Europe wooden oentnfugal 
pumps have proved satisfactory atter long service The filters are built of strips of 
wood in the form of lattice woik These are covered with prairie grass or similar 
material and on top of this is placed several inches of wet leac he^d cinder 

^ ObtmaNi N , Chloridising and leaching as Practiced in SWeden * Afin J (Mar 5 1921), 
417-422 

® Coincident with this development may be m< ntionf d a modified conHtrut tioii of the Wedge furnace 
for autogenous blende roasting It is 25 ft in diameter and has eight hearths I he essential feature of 
the furnace is the arrangement for bv-passiiig the roasted on between the i^veral hearths in order to 
obtain a desired distribution of the ore preheated in the upper part of the furnac e, among the lower 
reaetion ohambers Ingalls, W R Mining MH December 1922 
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In Ainencan prftctioe^ the hot ore froitf tho mastitis furnaces is duftiped directly 
into the vate. I^)me plants in Scandinavia experienced considerable trouble with 
hard lumps forming in the chloridized orCi due to the formation of anhydrous sodium 
sulphate. Kam^n overcame this difficulty by designing a preleaching machine/' 
in which a thin layer of the hot chloridized ore from the roasting furnaces is evenly 
sprayed with sufficient water to permit the crystallization of the sodium sulphate, and 
the moistened ore then remains in a pulverulent condition. This machine runs con- 
tinuously and the preleached ore is conveyed to storage bins, where it is picked up by a 
grab bucket and placed in the leaching vats. CJonsiderable steam is generated by this 
operation, which is condensed and furnishes hot water for leaching. 

The gases from the chloridizing roasting furnaces pass through scrubbing towers. 
These are built of wood on a brick or concrete base. They are loosely filled with any 
inert material and sprayed with water at the top. They prevent the noxious gases 
from 'escaping into the atmosphere and becoming a nuisance; they also condense and 
recover the acid fumes. The hot, acid water from these towers is used for leaching 
purposes. In the Ramenia process the acidity of this water is kept at 15 to 24 g. 
of HCl per liter, which insures the extraction of all soluble copper. 

The leaching vats can be made any size, but usually hold about 100 tons. The 

bed is 3 to 4 ft. deep. By utilizing the hot ore, hot, acid water from the scrubbing 
towers and hot water from other sources mentioned, all leaching is done with hot 
solutions which average between 30 and on leaving the vats and contain about 
25 g. of copper per liter. 

In Kurope, the time of leaching ranges from 35 to 45 hr. under the ordinary sys- 
tem, but by using a “preleach mg'' machine this is reduced to about 24 hr. In 
America, where the copper extraction is usually made by the acid makers, the acid 
roasting furnaces are better contnillcd and the cinder is m better physical condition 
for chloridizing roasting. Under these favorable conditions leaching can be com- 
pleted in less than 10 hr. in the ordinary manner, and even with unfavorable condi- 
tions the time seldom exceeds 24 to 36 hr. After washing, the cinder is removed from 
the vats by grab buckets, or by other means, depending upon local conditions. The 
copper remaining in the leached cinder is not over 0.1 per cent and is usually less 
thaji that. This i^ives an average extraction of about 97 per cent. 

The copper is recovered from solution by precipitation on scrap iron. This is 
done in the usual “boxes" or launders, which yield a precipitate containing about 
70 per cent copper, or m “tumbling barrels" or dnims which yield a precipitate con- 
taining 85 to 90 per cent copper. The advantage of the revolving drum is that the 
precipitation is done quickly by agitation, and the iron is kept clean, so there are no 
basic iron salts formed to contaminate the copper precipitate. 

The leached cinder is known as purple ore, or “blue billy." If the original pyrite 
was commercially pure, the purple ore contains from 55 to 68 per cent Fe, and not over 
0.01 per cent P, 0.2 per cent S, and O.l per cent Cu. In 1891, Bird, of England, dis- 
covered that this material could be pressed and burnt into strong briquettes without 
any binder. This idea was developed commercially for fine iron ores, first by Ander- 
son in America in 1888, and later by Grondal in Sweden in 1896. The purple ore is 
pressed by slow compression into briquettes and heated m tunnel furnaces to a tem- 
perature of 1450°C. At this temperature practically all the sulphur is removed and 
the briquette is sintered. In this condition it makes a desirable iron ore, which 
assures a saving of 8 per cent coke in the blast furnace and frequently increases the 
capacity 30 per cent compared with ordinary iron ore. It is extensively used in 
Europe and Japan. 

Under the circumstances it is difficult to arrive at the actual average cost of 
producing copper by this process, since the recovery of copper is only one of three 
phosea in the treatment of the original pyrite. In America, the copper-recovery plant 
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jg aji adjuuot to the Mid plant. Ihe p4rple OM ie nochilued nod tKdd tQ tiip iMW 
smelters. The profits derived from the eopper and iron may be dedueted fsom 
cost of acid making. In Europe, the cupriferous cinder is bought from the acid dWdtejr 
and the recovery of the copper is expected to pay all the expense of pioduohit ll 
desirable iron^jre briquette, which is sold to the iron smelter, Greenawalt^ gives the 
cost of producing copper by this process in the eastern United States, previous to I012| 
at 5,19 cts. per pound. This is based on the treatment of pyritic cinder containing 
2.27 per cent copper tfnd 2.28 per cent sulphur. He estimates the cost of treating the 
same grade of copper ore in the western United States by the same process at S2«9fi 
per ton. 

Brine Leaching of Zinc Ore. — Chloridizing roasting and water or brine leach* 
ing, as described under copper ore, have been successfully applied to zinciferous 
cinder within the last few years far the purpose of extracting zinc in solution for 
the manufacture of lithopone.® The treatment of zinc ores will be further dis- 
cussed under dry chlorine-gas processes. 

Hyposulphite Leaching of Silver Ores. — Hyposulphite (sodium thiosulphate) 
leaching came rapidly into favor in the United States after 1885; it was already 
well established in Mexico. It reached the zenith of its popularity between 1886 
and 1893 and was practically abandoned as a metallurgical process at the end of 
that period, due to the demonetization of silver in the United States and the 
general closing down of silver mines. The process is still used to a limited extent 
in South America and Mexico. 

Chloridizmg roasting neccbsarily precedes the leaching, and the chloridized ore is 
washed witli water to remove the base-metal chlorides before applying the hyposul- 
phite solution This process is, therefore, closely related to brine leaching. It is 
essentially a process for silver ores and the base metals are considered a nuisance. 
Silver is recovered as a sulphide from the hyposulphite solution by precipitating with 
sodium sulphide and the hyposulphite is thereby regenerated. 

When the chloiidization of the silver is low, due Ui inefficient roasting, the extrac- 
tion IS low. Zinc sulphide acts in an unexpected manner. At the®Holden Lixiviation 
Works m Aspen, Uolo , the ores carried about 2 per cent zinc, and a zinciferous pyrite 
was used as a source of sulphur. The short period of roasting m the Stetefeldt furnace 
and four days of heap roasting on the cooling-floor did not oxidize the zinc sulphide, 
although th(‘ chlondization of silvei was satisfactory. As soon as the chloridized 
ore was plac(*d m the vats and learhcKi with water, 20 to 40 per cent of the silver 
reverted to tlie sulphide, due to precipitation by the unoxidized zinc sulphide in the 
ore.* By roasting with a clean pyrite, this difficulty was largely removed. 

These defects in hyposulphite leaching were overcome to home ext(‘nt by K H. 
Russell,^ who discovered that a little copper sulphate added to the livposulphitcsolu' 
tion formed a double salt of sodium cuprous thiosulphate, having the foimula 
4Na2S203 SCujSjO, + xHsO 

This salt has the power of dissolving sulphide of silviu b\ forming sodium silver 
thiosulphate and cuprous sulphide. 

1 Gbasnawalt, William E , “The Hydrometitllurgy of Coppfi " p ^©7, New York and London, 
1912 / 

* OsTMAN, N , op Clt , p 421 

*Mobbb, W S, “The Effect of Washing with Water upon the Hilvir Chloridi* iii Roasted Ore/' 
Trans A I M E , ZS (1895), 587-594 

* Stetefbldt, C a , “Woiking of Silver Orira by the 1.<eaching Process,” Trans A 1 M E , 18 
(1884), 291-295; “The Lixivintion of Silver Ores with Hyposulphite Solutions, with Special llefcrenci^ 
Ip the Russell Process,” Now York, 188S 2nd Ed . 1893 Dagolri, I^llhworth, * The RussoU Process 
m Its Practical Appbcation and Economic Results,” Trans A I M L , 16 (1888). 362-495 
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The solution thuB formed is known in the Russell process as extra” solution and 
follows the ‘‘regular” or “ordinary” hyposulphite solution in the leaching operations 
By the use of this solution the extraction is restored to the extent of the original 
ehlondisation of the silver and even beyond that point. 

ITie three lixiviants used in the Russell process are, therefore* (1) wash water 
(bnne), to remove the soluble salts, (2) “regular” solution of sodium thiosulphate, 
(3) “extra” solution of sodium cuprous thiosulphate 

The ore treated by the Russell process at Aspen, Colo in'’1891-1893, affords a 
good example of a troublesome ore to treat by hyposulphite leaching It had the 
following composition 

Ag, 27 92 oz per ton, Pb, 2 28, SiOj, 21 66, BaSO*, 20 92, CaO, 11.00, MgO, 4 24, 
Fe, 10 02, Zn, 2 85, Cu, 0.16, S, 8 10 percent 

The ore feed to the roasting furnace was crushed to pass a SO-mesh screen, this 
IS common practice for hyposulphite leaching ' 

The chlondization of the silver m the Stetefeldt furnace was 43 5 per cent, it 
was a little higher in the fues and dust chambers, making the average chlondiza- 
tion 62 5 per cent bv the direct roasting ojieration The roasted ore was piled on 
a cooljng*floor and allowed to remain an average of 102 hours, during which time 
the chlondization ot the silver increased to 79 0 per cent 

The respective lixivisnts mentioned above extracted the percentages of silver 
given below, as calculated from the average daily assays 



Peb Cent 

Wash water (brine) 

14 56 

“Rc'gular solution 

44 21 

“Extra ’ solution 

27 9S 

Total ixtiac'lion 

86 75 


The actual extraction during the entire period of ojieration, based on the silvei 
recovered and paid for, was 94 21 per cent of th' silver in the roasted ore and 85 58 
l)er cent of the silver in The raw on' The volatilization and dust losses were 9 10 
per cent of the silyei which would be fully recovered in present day practice 

Considenildc Icud was dissolvc'd by the wash w iter, which was precipitated with 
the silver as a sulphide by means of sodium sulphide This gave a low-grade product 
that was expensive to rehne It was found bv S Morse, manager of the Aspen 
plant, that this precipitate, containing Ic'ud sulphide, could be utilizc'd as a precipitant 
for the silver in subseciucmt w ash w aters acc ording to the follow ing leaction . 

2 VgCM + I’bS = Ag,S + PbCb 

This raised the guide of the final product and reduced the rc'hnmg cost 

Kuhsecpientlv , lead was lemoved fioin the wash water and the “regular” solution 
by precipitating with sodium caibonatc Lc*ad is preferentially precipitated in this 
manner before the lime and magnesia 

The silver sulphide precipitate from the hyposulphite solutions was eventually 
refined at the plant liy dissolving in hot concentrated sulphuric acid and precipitating 
thesilvei in metallic condition on copper 

Tjocal conditions sometimes dc'mand a variation from standard methods In 
Bolivia,* where the niotalluigical problem involv(«» the treatment of silver-bcanng 
tin ores, eeitam modi he at ions in chloridizing roasting have been found necessary 
The chief gangue minerals of the ore are pynte and quartz The silver occurs m 

c Moxmb, W 8 , riie Lixiviation of SiUer Oies by the Russell Process at Aspen, Colo .* TraM 
A 1 M L . as (1S95) 1 J7 14b 993 997 

* 8dUNUKiN M G F Roasting and ChlondiEing of Bolivian bilvcr-tiD Ores," ITrans A T M L 
M (1920), 076-^08 
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tetrahedritei jatnesoDite, s^iute, cyliQdt^, and other eomidex sulpbazitki^oiiial 
mineralSi which are notoriously difiicult to treat by any process other than 
Most of the tin is present m the form of impure cassitente) although it ts sotnethnea 
present as stanmte associated with the above-named minerals 

At the present time the ore is crushed dry, given a chlondising roast, leached 
with water and hyposulphite solution or with brine to extract the gold, silver, an^ 
copper. The tailing^ are concentrated for tin, v ith or without regrmding. 

The percentage of silver that can be chlondized is not directly proportional to the 
silver content of the ore Tailings from any grade of ore will contain from 6 to 9 os,, 
which cannot be extracted by any known commenial solvent, even though only a 
small proportion of this silver is in the form of sulphide 

The average grade of ore treated assays about 35 oz silver per ton. The ores 
contain from 25 to 35 per cent sulphur, most of whu h must be removed by preliminary 
roasting before adding salt for chloridizmg i\iel is expensive in Bolivia, so it la 
necessary to utilize as mu( h as possible the heat developed by the desulphunzing 
roast 

A peculiarity of this ore is the loss of over 30 per cent of the silver by volatilization 
and in flue dust during desulphurizing roasting in a McDougall furnace, which, ^added 
to the loss from insoluble silver, makes the loss over 40 per cent Similar but lower 
losses occur in hand-rabbled re\ erberutory furnaces These losses can b< fully recov- 
ered by means of a Cottrell piecipitator, but an analysis of this product indicates that 
the losses are due largel> to antimony, and no satisfactory process has been developed 
for treating it to recover the silver 

A satisfactory fuinate has been hnally developed in amodihed form of theEdwards- 
Merton straight-line furn icc, whic h h is five heartlis and is divided into three compart- 
ments by means of doois or dampers to c onf lol the draft B> thi time the ore reaches 
the fifth or last hearth, it is ^(ad^ for chloridization and the damptr is closed, cutting 
off that hearth from the rest ot the furnace Iht necessaiy amount of salt is added 
and the charge is chlondized in ibout 15 min The chlondized ore is dischaiged 
in another 15 mm and the process repeated 1 his make s the opc ration of the furnace 
intermittent to some extent, but the volatili/alion and dust lossc s are greatly reduced 
Only 3 3 per cent of silt is used for chloiidizmg and no extraneous fuel is required 
The chloridizition of the ore is simple and quick if salt is added at the correct 
stage of the roast 

Samples taken every 10 niin from the chlondizing hearth for in hour after the first 
15 min show no improve nicnt in the chloiidiring by prolonging the process 

The loss of silver during roisting is 1 .5 per cent T he loss as insoluble silver is 
12 2 per cent, making a total recovery of 80 i pei cent 1 he cost of masting only m 
about $1 12 per ton 

Other mining companies m Bolivia haxe continued to use the Patera, or h>posul- 
phitc leaching process, as the most economietil for the troatmcuit of their ores ' **The 
lack of local lead or copper smelters, ind the high freight charges to the outside, 
prohibit the shipment of anv but high-gr ide ore s or products ( be ip salt, in unlim- 
ited amount, is available from the vinous closed basins of western Bolivia Numer- 
ous semi-active volcanoes supply sulpbur Lime is also loeally obtainable Hence 
the Patera process, producing high-giade siher sulphide's, has continued to prove 
an economical treatment for man> high-sulphur ores that recjuirc little fuel to roost ’ 
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CHLORIDE VOLAmiZATlON PROCESSES 


PobU-Croasdale Volatilization Process.^ — Pohl$ and Croaadale discoverod^ 
by raising the temperature of chloridizing roasting to 1050^0., that gold, silver, 
copper, and lead can be commercially volatilized as chlorides from their ores and 
the metals recovered from the fumes. By charging the ore, salt, and sulphur 
mixture as quickly as possible into the hot zone of the fumace„tVolatilization begins 
at about 750®C. and is completed within 30 to 60 min. The roasting atmosphere 
must be kept highly oxidizing. The process is continuous and the ore is commer- 
cially devoid of value as it discharges from the furnace. 

The furnace used for this process is a regular <jement kiln, 100 to 125 ft. in length, 
hred in the usual manner. 

The chemical reactions involved are the same as those given for chloridizing roast- 
ing in the preceding section. There should be a strict adherence to the pmportions 
there stated. The ore and salt are crushed to pass a 20-niesh or 0.75-mm. screen. 

The process is applicable to all ores in which the metals do not occur in native or 
metallic condition, regardless of the gangue constituents. Basic ores are preferable 
because they do not fuse or sinter at the temperature of the roast. Siliceous ortis work 
almost as well. Neutral ores are least desirable when the acid and base gangue con- 
stituents are in such proportions as to form a fusible combination with the salt at tlie 
furnace temperature. In such cases calcium chloride may be used in place of common 
salt, or lime may be added to the charge in sufficient quantity to raise the fusion point. 

Common salt is the usual source of chlorine on account of its cheapness, but in 
some instances it has been found desirable to use calcium chloride wholly or in com- 
bination with the salt. Sulphur is usually a necessary constituent of the charge, 
although with some ores the silica or carbonic acid seems to take its place in the 
chemical reactions. 

Gold is easily volatilized, but in what fonn has not been definitely determined. 
It was generally supposed that gold trichloride was formed at low temperatures, and 
this was decompofeed into metallic gold and chlorine at temperatures below SOO'^C, 
If this is true, the metallic gold formed fn)in the vapois is probably colloidal and is 
carried out of the furnace in that form with the gases. Ro.se* states that when gold 
is heated in chlorine at atmospheric pressure trichloride of gold is formed, which 
volatilizes at all temperatures above 180°C. up to and beyond 1100®C. Other metal- 
lurgists® think that gold forms a double chloride with salt, or other metallic chlorides, 
and volatilizes in that form. The theory of a double chloride seems more probable. 

Silver is less easily chloridized and volatilized than any of the common metals. It 
seems to be extremely sensitive to atmospheric conditions in the furnace and may be 
affected by the gangue constituents in the ore.^ Silver chloride melts to a thin 
liquid at about 451®C.* before it volatilizes, wdneh probably accounts for its sluggish 
volatilization. It is much more easily volatilized in the presence of other metallic 
chlorides, which would indicate that if volatilizes as a double chloride. 

Lead is the most easily volatilized of all the metals as a chloride and the chloride 
is easily formed by chloridizing roasting. With some ores, sulphur is not necessary 

1 Croabdaub, Stuart, *' VolatiliEation of Metals as Chlondos,” Eng Min. J (Aug 29, 1903), 
312-3U;U.8 patent 741712, Oct 20,1903 

* Robb, Sir T K , " Metallurgy of Gold," pp 61-6.1, London, 1U15 

■ Ststepbldt. C a , op rtt .p 340 

* IT. S. Bur Mines Bull 211. p 45. 

* Vablbt, Thomab. Superintendent, Vtah Station. U S Bureau of Mines, Salt Lake City. 
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in the ehlosrHieixig of lead minertbkii and some expemnents^ have shown tlia>t tolaM* 
isation can be accomplished more successfulljr without it. 

Copper ifi readily volatilized as cupne chlonde and as cuprous chloride. 
chloride is the more stable at high tempciatures Some oxychlorides may be fbrmed^ 
but not to any large extent 

Zmo iS volatilized accordmg to the sulphur content of the ore. In Oxidised OiSW(> 
lead, silver, copper, and gold can be volatilized preferentially, leavmg the sino |in the 
gangue for subsequent treatment. If complex sulphide ores are roasted so l^at the 
sulphur content is only sufficient to combine with the other base metals, these metalS 
can, m a similar manner, be preferentially separated from the zinc by the volatiUia* 
tion roast, but if any excess of sulphur over the amount specified is left in the ore 
after the preliminary roast, zinc will volatilize with the other metals m proportion to 
the excess of sulphur present in the* charge 

Ldttle information is available concerning the chlondizing action on the gangUe 
materials Silica acts as an acid and decomposes salt, with the liberation of chlonne 
at high temperatures Iron chlorides are fonned from the sulphides, but they 
quickly decompose to the oxide and very little of the iron is vcdatilized • Aluminum 
is not volatilized as a chlonde from its oxide in an oxidizing atmosphere (seep. 1181). 
Calcium and magnesium may be volatilized to some extent as chlondes,* but they fn 
no way interfere with the volatilization and recovery of the other metals. 

The metallic chlorides are driven from the ore m the form of vapor and they con- 
dense as colloidal particles of fume Each particle is surrounded with an adsorbed 
film of air or furnace gas, which prevents coagulation and collection by any Other 
means than electrical precipitation * The fume paiticlc^s thus enveloped will pass 
untouched through water or any form of scruhb.ng d(*vice The eleetneal stresses 
set up m the Cottiell procipit itor break up these gas cnveloiies and permit the coagu* 
lation and recovery of the fumes Bag filters of textile Tiiaterial will make a high 
recovery, but are difficult to operate, owing to the conosive nature of the fumes 
and gases 

The metals are recovered from the precipitated fume b> the substitution of one 
metal for another in an aqueous solution or by the electrolysis of the fused chlorides. 
Where the metals in the fume consist only of copper, silver, and gold, or lead, silver, 
and gold, the fumes are i educed to a bullion by heating with lime and carbon. The 
calcium-chloride slag can be utilized m place of salt to chloiidize now orc» 

Several small plants have' been operated in the United Statens, but they were 
equipped with furnaces ranging from 25 to 60 tt in length These furnaces were too 
short to complete the volatilization when operating at commercial capacity. A full- 
sized plant was operated by the Blaisdell Coscotitlan Syndicate,* Pachuca, Hidalgo, 
Mex , on patio tailings Their furnace was a kiln 125 ft long and 8 ft in diameter, 
lined with 9-in concrete clinker brick The fuel consumption was 12 gal of 18,500 
B t u oil per dry metric ton and this without preheating the air or ore, or using any 
insulation The recoveries were well over 90 per cent on the gold, copper, and mer- 
cury, 100 per cent on the small amount of lead, and 75 per cent on the silver, which 
was considered good on this class of material No advantage was found by using 
calcium chloride, but 5 per cent of lime was necessary to reach the proper finishing 

* Ralston OC ‘ Salt in the Metallurgy of LoacJ, Trans A T M h •? (1017) 6^0-641 Varlky. 

Thomab, U 8 Bur Mxnm Bull 211 footnote p 19 ^ 

* Nickel volatihees as a chloride to a greater extent than iron and it might Im powttbU to r< cover 
nickel in thw manner If oxidiaed by a preliminary roaet, nickel will renuun in thi gangue and it in 
possible preferentially to volatilize copper from me kel by the chlondizing roast 

•Morse W S ' Lixiviation of Silver Ores by the RusatU Process at Aspen Coin’ Trans A I M L, 
SB (1895), 997 

•Banc ROW W I) Applied ( olloidnl ( hcmistry, pp 21 22, 291 200, New ^ork and lAindon, 
1921 

* U S Bur Mims Hull 211 pp S2 HI 
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tciupemture. The property was forced to cease operations on account of the low 
price of silver. 

Jt is expected that a commercial plant will be put into operation in the near future 
by the Western Metallurgical Co. of Los Angeles. It has been found advantageous 
to add the salt at successive intervals during the roast, rather than all at once with the 
ore. In doing so the fusing temperature of the charge is maintained at a higher point, 
and the chloridization, consequently the volatilization of the nfetals, is considerably 
increased. It is also proposed to preheat the ore to the volatilization temperature 
in a separate furnace before adding the salt. The salt and the hot ore will then be 
fed into another furnace, which can be maintained at the volatilization temperature 
with a comparatively small amount of fuel and the chloride fumes can be sent to the 
r'ottrell treaters less contaminated with combustion gases and other inert material. 
CVrtain advantages have also been found in passinft the ore charge through the furnace 
(‘oncurrently with the combustion gases, instea<l of countercurrently as is now prac- 
ticed, but this system has not yet been developed commercially. The total cost of 
ore treatment by this process has been conservatively estimated not to exceed $3 to 
13.50 per ton. 

Maier^ has discovered that lead and zinc are readily and almost completely 
volatilized as chlorides when their oxides (in ores) are heated, without reducing 
agents, in a current of chlorine gas at temperatures ranging from 500 to 750°C. The 
chlorides of both metals are volatilized and easily condensed in a relatively pure 
condition; the principal impurity is calcium chloride — and magnesium chloride would 
probably volatilize also if present m the ore. Iron and ahinunum chlorides are 
decomposed at low temperatures and do not volatilize to any appreciable extent. 
This research work has been carefully done and is suggestive of further application 
of the process. 

Oxide VolatilizaHon . — ('orollary to chloride volatilization is the oxide volatiliza- 
tion process, developed by the (Jhief (Consolidation Mining Co.,* at Eureka, Utah. 
Ores from this mine vary from entirely oxidized ores to ores showing only slight 
oxidization, and from nearly self-fluxmg ores to highly infusible ores. The average 
ore has approxirnaV'ly the following composition: Au, 0 055 oz. per ton; Ag, 25 2 oz. 
per ton; Pb, 6.0; Zn, 4.6; Fe, 7 0; “Insoluble,” 63 8; S, 1.8; and (^aO, 2.6 per cent. 
Smelting and freight charges were high, so the company began its metallurgical 
research in 1916 to develop a method of on* treatment at the mine, principally along 
the lines of mechanical concentration and chloride volatilization. This work resulted 
in the construction of a concentration and volatilization plant, designed to treat 250 
tons of ort‘ per day; the plant was started in May, 1925, and has been in continuous 
commercial operation since that date. 

All the sulphide minerals and some of the lead carbonate are recovered by gravity 
concentration and flotatiem; this likewise removes all the easilv fusible or slag-form- 
ing constituents from the gangue. The tailings from the concentrating plant carry 
0.035 oz. Au per ton: 11.4 oz. .\g per ton; and 4.7 per cent Pb. These tailings are fil- 
tered and then dried by the hot ga.ses from the volatilization furnace in a Ruggles- 
(k)les rotary dryer, 7 5 ft. in diameter and 60 ft long. An indirect-heat type of dryer 
is used to avoid contamination of the fume-bearing gas. 

The dried tailings go direct to the volatilization furnace, which is the regular 
cement kiln type, 10 ft in diameter and 80 ft. long, and is fired with pulverized coal. 

1 Mauer, Charles G , ''PosBibilities of Dry Chlonuation of Oxidised Zinc MatenaJs/’ Eng Mtn 
Jn^Preas (January 13, 1923), 51 

* Parsons, Arthur B , “Chief Consolidated Starts Novel Reduction Plant,” Eng. Mtn Jn^Pteaa 
(Oct Ur 1924), 582, Barbour, Percy E, “The Nevi Utah-Idaho Metallurgy,” Mtn Mft (August, 
1936), 365; Wiqton, G H , “The Chief Consolidated Volatihcutioii Process and Mill,” Trantt A I M 
F4 (September, 1925), Mm. Mel (August. 1925), 444. 
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Volatilisation experimentfi were started by using 10 per cent salt, but this pro4ueed 
a fusible slag at temperatures below the point at which a satisfactory volatilisation of 
the silver could be obtained. Reduction of the percentage of salt permitted the rale* 
ing of roasting temperatures which thereby increased the volatilization and reooveiy 
of the silver, until, finally, the use of salt or other clilorides was discontinued entirely 
and the furnace temperature was raised to 1400'’C., at which point the gold, silver, and 
lead are almost completely volatilized. These results have been duplicated in prac-* 
tice and the elimination of chlorine permits the use of bags for the recovery of the 
volatilized fume. The calcines discharging from the volatilizing furnace, carry only 
IV. Au; 1.2 oz. Ag per ton; and 0.2 per cent Pb, thereby showing a recovery of nearly 
100 per cent of the gold, 90 per cent of the silver, and over 9,5 per cent of the lead, 
since the recovery of fume by means of the bag-house is practically complete. The 
recovered fume assays 0.3 oz. An pef ton; 64.0 oz. Ag per ton; and 27.8 per cent Pb. 
The capacity of this fiumace is 7 tons, of tailings per hour, and the consumption of 
coal is about 30 per cent of the furnace feed. The tailings go to the volatilizing fur- 
nace without regrinding and will all pass a 20-mesh or 0.75-mm. screen. 

Two curious analogies have developed between chloride and oxide volatilization: 
(1) Accretions of ore occur in the preheating zone of the volatilizing furnat*e, up to a 
temperature of about 1100®(\, in spite of the fact that no salt or other chlorides are 
used in the ore feed, but, at higher temperatures these accretions do not exist. They 
are not slagged accretions, such as rings in cement kilns, but consist of unfused parti- 
cles of quartz (the principal gangue) loosely bound together by a slight fusion of the 
other gangue constituents; they do not occur in definite rings, Jis in cement kilns, but 
occupy the entire prph(*ating zone. These accretions are removed periodically by 
means of a water-cooled plow mounted on the end of a water-cooled bar, 86 ft. long, 
which has a direct-current crane motor and gears mounit^d on the other e.nd; the gears 
run on a stationary steel rack mounted on each side of the bar. With this plow, longi- 
tudinal trenches can be cut through the accretions when necessary and a clean fur- 
nac/C maintained. The actual plowing operation requires about 20 minutes. (2) 
As ordinarily operated, that is, passing the feed conn ten* urrently with the furnace 
gases, considerable trouble was experu^nced with the large amoun^ of flue-dust that 
passed over with the fume and reciuired retreatment. The ore now is passed concur- 
rently with the gases and, consecpiently, is fed at once into the liottest part of the 
furnace; the quick lieating softens the ore so that there Ls almost no dusting. The 
volatilization is about the same, and the fume carries only about 1.5 per cent silica. 
The accretions occur, also, near the end of the furnace whore they can be removed more 
easily. The advantage of getting the ore feed quickly into the hottest zone of the 
furnace was observed by Croasdale^ and by all subsequent investigators of chloride 
volatilization. The Western Metallurgu'al Co. observed certain advantages in pass- 
ing the ore feed concurrently with the gases (see preceding section on chloride 
volatilization). 

Volatilization Processes for the Production of Aluminum Chloride and 
Aluminum. — Aluminum was first commercially produced by the Devillc process* 
or its modifications. The process consisted of heating alumina and carbon in a 
retort in an atmosphere of chlorine gas. Aluminuni chloride volatilized and 
was recovered by condensation. In later practice, stflt was added to the retort 
and the double chloride of sodium and aluminum was formed and recovered in 
the same manner. Metallic aluminum was produced by reduction of this salt 
with metallic sodium. This process was abandoned a number of years ago as a 

J “Volatilisation of Metals uh Chloridew,** Snff Mtn Jn (Aug 21), 1903), 312 314 

» ExCHiiRDa, Joseph, W., “ Aluinmiuin," 3rcl ed (new addition preparing), Philadelphia 
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source of aluminum, but anhydrous aluminum chloride may assume considerabie 
importance in the petroleum industry. 

»Since most of the methods for producing aluminum chloride involve the use of 
chlorine gas in conjunction with volatilization, the subject will be discussed more 
fully under Dry Chlorine-gas Processes, (p. 1183). There are, however, several 
methods proposed which are strictly volatilization processes. ^ One is that of Booth 
and Marshall,^ in which aluminum silicate (clay or feldspar) or aluminum sulphate 
(alunite) is mixed with calcium or magnesium chloride and heated in an electric 
furnace to a temperature of 1300°C. An alkaline-earth silicate is formed and 
aluminum chloride is recovered by volatilization and condensation. 

Another method is proposed by Burgess. ‘ He mixes aluminum carbide with an 
anhydrous chloride of an clement below aluminum in the electrochemical series and 
ignites the mixture. The reaction begins at 380®C. and is exothermic. The alumi- 
num chloride volatilizes and is recovered by condensation. Lead chloride and silicon 
tetrachloride are suggested as the cheapest chloridizing agents for the aluminum 
carbide. 

Ravner and Goldschmidt* propose using minerals of the feldspar group as a source 
of alumina, because they contain from 25 to 36 per cent alumina and very little iron. 
When mixed with carbon they will react to form aluminum chloride in the same 
manner that pure alumina and carbon react, and at the same temperatures. 

Wolcott^ proposes using oil shale, bituminous shale, and bone coal as raw materials 
for the production of aluminum chloride since the reducing agent and the aluminif- 
erous material are already most intimately blended and ready to react. The only 
difficulty is that the alumina and the carbon seldom exist in the proper proportions 
but, with low-grade coals, the excess of carbon is utilized as fuel for the process. This 
material is roasted with salt and the aluminum chloride is volatilized and recovered 
as fume. 


WET CHLORINE-GAS PROCESSES 

The Plattner ‘process has been, until recently, in constant use since it was 
first proposed by Plattner in 1851. It is applicable only for the recovery of gold 
and for a long time it was used principally for the treatment of concentrates 
from free-milling ores. The operations were, therefore, (jonducted on a small 
scale. The pyritic concentrates were roasted “dead” in a hand reverberatory 
furnace and then placed in a vat and leached with water saturated with chlorine 
gas. Owing to the difficulty in handling chlorine gas in this manner, the \at was 
replaced by a lead-lined iron barrel having a capacity of about 1 ton of ore. 
Water, bleaching powder, and sulphuric acid were added to the ore in the barrel 
in such proportions as to form a thin pulp and to generate a slight gas pressure 
when the barrel was sealed and the aharge agitated. The chlorination of the gold 
was completed after the barrel had *been revolved for a few hours. The charge 
was then dun\ped into an open vat provided with a sand filter, and washed with 
water. The gold was precipitated by ferrous sulphate, collected, and melted 
into bullion. 

In 1894 the process was first applied to crude ores from Cripple Creek, Colo. 
I'here was no change in the pnieess except to conduct it on a larger scale. The ore 

1 U S pnirnta 1SV2043 (o 1302t)4B Kt'pi 27. 1021. Boorif. H S. and Marshall, G. G. 

* U, S. pat<*nt 1321 281, livnohns, Louis, Nov 11, 1010 

’US palnit irK)28r)2, May U, 1010, Ravnkr, 1>syti<.in, and Gi>Li>H('HMi»T, Victor M 

* ICnRltsh putont 100750, Canadian patent 217051, U 8 patent pending, Wou'Ott, E K 
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was stuahcd to pass a l^mesh or LS-mm. screen and roasted in a UMdunieal'it^imsito. 
The tead-lined chlorination barrels were enlarged to 10 tons capacity and were pitt:}* 
vided with perforated lead filters inside. The chlorination was done under prwunii 
with bleaching powder and acid as before; 12 ib. of bleaching powder and i4 Ib* dl 
acid were required per ton of ore. The barrels were revolved 2 or 3 hr, and thnd 
stopped with the filter at the bottom. A valve was opened under the filter and tlw 
leaching and washing, were done in the barrel. The tailings were discharged direotljl^ 
from the barrel to the dump. In some instances the gold was precipitated from 
solution by filtering through charcoal. After a certain time the charcoal was burned 
and the gold-bearing ashes melted into bullion. Generally, the gold was precipitated 
by means of sulphureted hydrogen and melted into bullion by fluxing this precipitate. 
In later practice on Cripple Creek ores, the chlorine was generated by the electrolysis 
of salt and was absorbed by water^as it passed through scrubbing towers 30 in. in 
diameter and 30 ft. high, made of ordinary glazed sewer pipe. Fnim the towers the 
saturated solution of gas was pumped into lead-lined storage tanks and then run mto 
the chlorination barrels as needed. The agitation of the charge produced sufficient 
gas pressure. The rest of the process remained the same as before. 

The treatment of Cripple Creek ores by this process continued until 1911, when it 
was finally supplanted by the cyanide process. During its operation 2,046,223 tops 
of ore were treated at an average cost of $2.34 per ton. The tailings averaged 0.063 
oz. per ton and the average recovery of gold was 93.23 per cent. 

A few chlorination plants continued to treat pyritic concentrates in California up 
to the time of the World War, but this marked the close of the chlorination process 
ill the United States and it is doubtful if it will over be revived. It may still be used 
to some extent in Australia. It is not adapted to ores containing any free basic 
gangue, owing to the excessive consumption of chlorin(». It has been replaced 
generally by the cheaper and more adaptable cyanide process. 

Vanadium Ores — Early in 1924, Dr Saklatwalla, research chemist for the Vana- 
dium Corporation of America, developed a process for the extraction of vanadium 
and some of the rarer metals from vanadium ores by the use of chlorine gas in cold 
solution. Details of this process are not available. »See foot note^ p. 1101. 

DRY CHLORINE-GAS PROCESSES 

Chlorine Production. — With the development of electrolytic processes for the 
production of caustic soda and chlorine from salt, and with modern methods for dry- 
ing, liquefying, and transporting chlorine in a liquid state, this element lias become 
a cheap commodity available for many uses and capable of considerable develop- 
ment inetallurgically. The actual continuous working capacity for chlorine 
production in the United States at the present time is about 300 tons per day, 
which does not include the chlorine made and used in the same plant. The nor- 
mal consuming capacity is about 1 80 tons per day. The 120 tons excess producing 
capacity is the result of war preparation and is now idle.^ 

Malm Process for Complex Ores.* — This process is a development of the Baker- 
Burwell process described on page 1157. It is adapted to low-grade complex 
sulphide ores. The ore is crushed on the average to pass a 0.75-mm. screen. 
The dry ore is fed into a tube mill countercurrently with a stream of dry chlorine 
gas. The tube mill is divided into three compartments and is not lined. No 
grinding is done in the tube mill, but a few pebbles are added to keep the charge 

1 Bbalubb. P. S , “The Cblorme Industry in the United States,*’ Chem Mst Eng. (Msy 14, 192S), 
840 ^ 9 . 

• loianiifl, S. A., ** The Dry Chlorination of Complex Ores,” Min. S<^. Pre$g (May 27, 1910), TSl-TS?. 
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from forming into lumps. Most of the chlorination is done in the compartment 
at the discharge end where the chlorine gas enters. The central compartment is 
arranged so as to be heated on the outside of the shell if necessary to start chemi- 
cal action or to keep chemical action ahve if the ore contains little sulphur. The 
temperature in the tube mill is kept near 70®C , which is still lower than that used 
in the Baker-Burwell process. About 50 per cent of the chlorination is done in 
the tube mill, or enough chlorine is admitted here to chloridfze all the recoverable 
metals If complete chlorination is attempted m the tube mill, the temperature 
of the charge has to bo raised above the melting point of the free sulphur present 
and the charge becomes sticky 

The chemical reactions may be simply expiessed by this equation 
XH + CI 2 = XVti + S 

Veiy httle sulphur c hloride is formed, and if the charge is kept free from moisture no 
hydrochloric acid w formed. The ore discharges from tlu‘ tube mill into n multiple- 
hearth furnace, where the temperature is raised by din^c t firing but is not allowed to 
go higher than 400°C' This decomposes the iron chlorides and converts most of the 
iron into the oxide. The chlorine libeiated is absorbed by fresh sulphide ore, which is 
contmually circulated on the two upper hearths of the furnace The tube-mill 
discharge is delivered only on the four lower hc'arths where the chlorination is 
completed 

From the furnace, the chloiidized ore is discharged into an agitator filter, where it 
is first washed with mill solution which contains the soluble metallic chlorides from 
previous charges. These are principally chlorides of iron, zinc, and copper This 
mill solution dissolves all the metallic chlorides, except the lead chloride and sulphate 
The mill solution is followed b'v a wash of stc.im, which cleans the charge of soluble 
metallic chlorides with a minimum amount of water The wash waters go to storage 
to build up new mill solution I'he ore is then leac hed with a hot saturated solution 
of common salt whn h dissolves the lead salts This solution is conveyed to a separate 
tank, where it is allowed to (ool and the lead chloride erystallizes out. The lead 
chloride is collc^c^'d, fused, and electrolyzed for the recovery of lead and chlorine. 
The anode is graphite and the cathcale is molten lead, which is tapped periodically 
from the cell The chlorine is returned to the c ircuit 

When the mill solution has bc'come saturated with soluble metallic chlorides, it is 
treated with metallic lead to precipitate the gold, silver, and copper; then with zinc 
to precipitate any lead that may have gone into solution, and then with zinc oxide 
(obtained by roasting high-grade ore) to precipitate all the iron, manganese, and other 
impurities. This leaves a commercially pure solution of zinc chloride. The precipi- 
tate us filtered oflF and the zinc i hloride solution is evaporated to a 70 per cent solution 
if the product desired is zinc c hloride, and to dryness, if the process is carried on to the 
production of metallic zinc ind the recover> of the ( lilorine If the product is sold as 
zinc chloride, the new (hlorme suppb must be geneiated by the electrolysis of salt 
solution. If the final product is metallic zme, the anhydrous chlonde is fused and 
electiolyzed by using molten zme as a cathode and graphite as an anode The zinc is 
tapped periodically and the chlorine returns to the cii cuit The cells for the electroly- 
sis of both lead and zinc are of the same pattern They are made of concrete and hned 
with a special fire-clay tile They have given entire satisfaction under continuous 
oiiemtion The evaporation of the zinc chloride solution, which has always been 
troublesome not only from its corrosive qualities but from its tendency to form basic 
salts, 18 now conducted in a specially designed pan without difficulty from either of 
these sour<‘e8 
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The reooveiy of all metals by this process is sud to average betweea 80 and 9$ per 
cent. Based on the recovery of zinc alone^ without taking into account the other 
metals recovered, the cost of operation is estimated at 2 cts. per pound of zinc, or 3J4. 
cts. per pound of zinc chloride produced. The higher cost of zinc chloride prodiiction 
is due to the fact that new chlorine has to be produced from salt and is not returned tO 
the circuit, but, on the other hand, the chlorine in the zinc chloride sells at the same 
price as the zinc. The recovery of gold, silver, lead, and copper from the average com- 
plex ore more than covers the operating expense, leaving the zinc free from cost. 

A pilot plant was constructed in Denver during 1924-1925 for the production of 
zinc chloride by this process. It is reported that this plant was operated continuously 
for several months with satisfactory metallurgical results l)ut no market could bo 
found in this territory for the zinc chloride and the caustic soda produced ; also, that 
some difficulty was experienced in using the wet chlorine gas direct from the electro- 
lytic cells. The company now proposes to install cells for the production of electro- 
lytic zinc from the fused chloride and thereby return the dry chlorine gas to the 
circuit. 

A plant, using chlorine gas for the treatment of lead-zinc ores, is reported to have 
been in commercial operation at Weston Point, England, in 1924. » 

Detinning Processes. — These may be summed up in tlio Goldschmidt process,* 
although there are several modifications and patents that are closely related. 
They are all based on the fact that dry chlorine gas will attack tin, but will not 
attack iron to any appreciable extent. Therefore, if dry chlorine gas is carried 
over and through tin scrap, the chlorine and the tin combine with the evolution of 
considerable heat, forming tin tetrachloride, which is a heavy fuming liquid and 
drops off the scrap. The tin scrap must be absolutely dry and free from all organic 
substances, paper, lacquer, etc. It is not only necessary to remove all moisture, 
but all substances that can produce or attract moisture in order to prevent corro- 
sion of the iron which would make it unmarketable. The tin scrap is compressed 
into bundles and placed into cylinders which are then closed. Chlorine gas is 
introduced at a pressure of several atmospheres. As the tin chloride is formed, 
the pressure drops. As soon as the pressure remains constant, the detinning is 
complete. Artificial cooling must be provided to prevent overheating. 

The chlorine and the tin chloride arc removed and the iron scrap hundU^s are 
carefully washed and sold to tlie open-hearth steel works. The tin tetrachloride is sold 
to the silk mills for weighting silk. In a modification* of this process the chlorine 
gas is dissolved in carlx)n tetrachloride and the tin scrap is placed in this solution, 
which also dissolves the tin telrachloride as rapidly as it is formed and is thus with- 
drawn from the scrap. In another pn)ccHs^ the scrap is heated with sand until the tin 
becomes brittle at temperature near the melting point. The mixture is then tumbled 
in a barrel until the tin is completely removed from the iron. 1'he sand and the tin are 
screened from the scrap and arc treated with dry chlorine gas in a closed vessel at a 
temperature that will volatilize and distil off the stannic chloride. 

> PoTTBK, J G., “Complex Lcad-Zinc Ores to Be Treated by (‘hltjirmation and Klectrolsrsis,” StW- 
Min. Jn.-Preaa (April 19, 1924), 04 « 

> Goldschmidt, Kaul, “The Detinning Industry,” Elecirochtm, Met Ind. (now Chem. Met. Eng.) 
7 (Feb., 1909), 79-81 

> U. 8. patent 943986, Murbat and Fkknblkoer, 1909. 

< U. 8. patent 958877, C. J. Reed. 1910. 
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Altuntintsm Chloride Processee.— Anhydrous alununum chloride^ pOBseiieee 
remarkable properties as a catalyst or reagent for the treatment of petroleum aieeord^ 
jng to the l^iedel & Crafts reaction: First, it converts all unsaturated compounds 
into saturated confounds by throwing out the excess of carbcm in the unsaturated 
hydrocarbons. In this manner it converts unstable oils from asphalt^base petroleums 
into stable products of good odor and color similar to the parraffin-base petroleums* 

Second, by simply boiling the heavier petroleum oils with anhydrous aluminum 
chloride at atmospheric pressure, these oils are cracked and 66 to 86 per cent of the 
heavy oil is converted into low-boiling fractions, leaving a residue of coke, or, if the 
distillation is stopped at the proper time, 60 per cent of the low-boiling fractions is 
produced, leaving 20 to 25 per cent of good lubricating stock. 

Third, it completely desulphurizes the petroleum during refining. 

The value of this reagent in the petroleum industry is so pronounced that over 700 
patents have already been issued covering processes for its production, and practically 
all of the oil companies at one time or another have been engaged in research work 
relative to its commercial application. 

Aluminum chloride is a white crystalline solid which volatilizes without fusing 
between 181 and 195°C. It is extremely hygroscopic and absorbs moisture from the 
air to form aluminum oxide and hydrochloric acid. This easy decomposition seriously 
interferes with its action as a catalyzer; it also produces transportation and storage 
problems on account of the difficulty of securing suitable* moisture-proof containers. 

The methods proposed for the manufacture of anhydrous aluminum chloride may 
be grouped under the following headings (reference to the technical paper quoted or to 
the original patents must be made for the details of these processes) : (1) dry chlorine 
gas acting on aluminum metal; (2) dry hydrochloric acid gas acting on aluminum 
metal; (3) chlorine gas acting on mixtures of aluminif(‘rou8 and carbonaceous 
materials; (4) chlorine* gas or hydrogen chloride acting on aluminum carbide; (5) 
chlorine gas acting on nlumineim nitride; (6) chlorine gas and carbon disulphide vapor 
acting on aluminiferous materials; (7) chlorine compounds of carbon acting on aluminif- 
erous materials; (8) chlorine compounds of sulphur or arsenic acting on aluminiferous 
materials; (9) dry lead chloride reacting with aluminum metal or with aluminum 
carbide; (10) anhydrous calcium chloride reacting with aluminiferous materials; (11) 
aluminum chloride solutions prepared by any wet method, then evaporated and the 
crystals dehydrated. 

All of these methods, with the exception of method (11), arc performed at high 
temperatures, usually high enough to sublime any aluminum chloride formed. In 
fact, the great volatility of aluminum chloride is frequently the main inducement to 
reaction and many of the aliovo processes are endothermic. 

About 10 If), of aluminum chloride are required to crack a barrel of oil containing 
42 gal. It can be used several times before losing its catalytic activity. On a basis 
of 200,IXX),()00 bbl. of petroleum refined annually, this industry alone would consume 
800,000 tons of chlorine and 200,000 tons of ahimimiin or its equivalent in bauxite nr 
aluminiferous material. There is not enough bauxite now available to meet this 
requirement, so every effort is made to utilize clay, feldspar, or other aluminiferous 
mat-erial as a source of aluminum. Chlorine is most cheaply produced by the elec- 
trolysis of salt, but to reach the limit of cost pn>duction for aluminum chloride some 
additional market must be found for the caustic soda produced as a by-product. For 
these reasons some form of volatilization process (see Chloride Volatilization Processes) 
may prove the mure feasible for large-ecale production. 
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Xql ordet to produce gasoline sellmg at SK) ets. per gali^ alummum 
produced under 10 cts. per pound. 

Aside from the above-mentioned data, there is very little informatioii obthiliahl|^ 
concemmg this interesting problem of the production of cheap aluminum ohkri^ 
and its utilisation m the petroleum industry Most of the research work, and 
ticularly its practical application, is confined to the large oil companies and the(^ 
publish nothmg It has been learned from other reliable sources that a satisfactory 
high-grade alummumtchlonde is now produced from bituminous clays or shales and 
salt at a cost considerably below 10 cts per pound, presumably by the chloride vcda^ 
tilization process, and that the small quanitics of impurities such as F'OtCle, TiCl*, 
S 1 CI 4 , etc , do not interfere with the activity of the alum mum chloride itself; the only 
requisite is that it must be kept free from moisture The problems of suitable equip- 
ment and satisfactory methods for producing, condensing, and handling the anhydrous 
salt have been solved 

The reinammg problem is m the petroleum stills The action of aluminum chloride 
on petroleum is not clearly understood, and there may be some chemical action as 
well as catal 3 rtic action A change is noticed as soon as tlie salt is added to a heavy 
petroleum oil, and, as the critical temperature is approached, the leaction is very 
rapid. A large quantity of light oil is formed and carbon is deposited along with 
a thick, viscous residuum that is difficult to remove from the stills The alummum 
chloride is involved in this residuum and must be regenerattsi before it can be used 
ogam The cracking of petroleum by this method is an intermittent and not a con- 
tinuous process, as the published data would indicate, and it is a troublesome process 
to handle in the refining plants as now constructed When all other phases of the 
process are solved commercially, refining plants will be constructed to moot the 
required conditions 

Nickel and Cobalt Ore. — Chlorine has been successfully applied to the recov- 
ery of nickel and cobalt from arsenical ores ^ The Diehl process for treatment of 
nickel ores containing large amounts of magnesia and lime is interesting chemi- 
cally, and suggestive of how basic ores may be leai hed The ore, moistened with 
hydrochloric acid, is tube-milled at about 500°F in an atinospheje of hydrochloric 
acid gas and then sent to a leaching tank with water This water will take out 
practically nothing but a calcium-magnesium r blonde solution, which is evapo* 
rated and treated with sulphuric acid to regenerate hydKxdilonc acid gas. The 
ore after leaching with water is lea(‘hed again with hydioc hlonc acid, which then 
dissolves the nickel This solution requires puntying and the apparatus is com- 
plicated, so the process has not yet been successful in competition with smelting 
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METALLURGY OF ZINC AND CADMIUM 

By Walter Renton Ingalls, S(. B, D. Eno.^ 

Industrial Economics. — Even before the World War began, the zinc industry 
of the world was experiencing radical changes Looking back\^ard, it can now 
be seen that 1896, when the Wilfley table was intioduced, was an historic date in 
the metallurgy of zinc An improved concentration of mixed ores requiring fine 
grinding was made possible and so the first step in the solution of the long-baffling 
mixed-ore problem had been taken. The smelters were, as a result, offered a new 
and bountiful supply of lead-beanng zinc ore, often high in iron, to ^^hlch they had 
to adjust their metallurgy Another important step in the separation of mixed 
ores occurred subsequently with the introduction of Wethonirs system of magnetic 
separation and BlakeS system of electrostatic separation, but the climax occurred 
with the successful introduction of the flotation process at Broken Hill 

Finally, completing this historical summary, Broken llill played a great part m 
the development of the electrolytic process of zinc extraction, which happened about 
1916. In this connection it may well be mentioiKd that the first great commercial 
attempt in that direction was made by Ashcroft at Cockle (^leck, iieai Bioken Hill, 
m 1897 About twenty years later the immense plint at Kisdon, in Tasmania, was 
put in operation for the electrolytic extraction of zinc Irorn flotation concentrates 
from the same ore , 

The original deyelopment of Broken Hill as a large producer of zinc ore had at 
least three great consequences viz , it standardized smelting practice in Belgium and 
Germany; it c ompelled ne irly all of the sme Iters of those countries to go on a zinc-lead 
basis; it showed that mixed ores could be profitably tic'ated, and caused a search for 
them to be made in all parts of the world, which, within i few years, resulted in the 
development of such mines as the Butte & Superior, of Butte, Mont , llie Bawdwm, 
of Burma, and the Riddersk, of Siberia, to mention only three of the first order 
The immense Austialian ore supply was contracted to the tlirec great German 
metal merchandising firms, which distributed the oie among the smelters of Germany 
and Belgium I'hose smelters, coming thus into the possession of so large, so uniform, 
and so regular a supply of ore, the like of which in none of those respects had ever 
previously been experienced in the zinc industry, weic able to standardize their smelt- 
ing practice, not only as to a single works but also as to many works, which was 
metallurgically beneficial 

The Broken Hill zinc ore was rather high m lead, In previous times, zinc smcltors 
generally were averse to smelting ore eontammg more tKan 2 or 3 per cent of lead, 
although a few smelters made a practice of treating ores relatively high m lead and 
recovering a considerable proportion of the lead therefrom With the advent of the 
Broken Hill ore, the recovery of lead as a by-product m zinc smelting became the 
regular thing, and, mfact, the smelters of Belgium and Gcnnany went practically 
upon a zine-lead basis and even btMjame insistent upon havmg a percentage of lead 
1 Convulting E&gineer, 115 Broadway, New York, N Y 
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present in their ote that was far above what in earlier years had been regarded eyen 
as permissible. 

Another radical change in the zinc industry, that was in progress previous to the 
war, involved the establishment of new loci of zinc smelting. The art of zinc smelt'^ 
ing is one of a multiplicity of details in which the part played by many workmen spells 
the difference between success and failure. No matter how careful the plans of the 
engineer may be, they are likely to come to naught unless there be good workmen to 
carry them out; and the making of good workmen requires either long or intensive 
training. The possession of a class of workmen which has been engaged in zinc 
smelting during several generations is one reason why Belgium continued to be a 
great zinc-smelting country long after its own resources were exhausted. And because 
of the absence of such a class of smelters, it has been universally the experience until 
recently that the inauguration of new zincnsn^nlting enterprises in new regions has 
been attended by difficulties which generally have wrecked the adventurer. 

While the experience has been along the above lines, it does not follow that the 
absence of trained workmen is prohibitive of the institution of zinc smelting. It has, 
indeed, been found possible to put a new plant in successful operation with “green 
hands,’’ but this requires the presence of expert foremen for their instruction. It 
may even be found that it is possible to do better with a green crew correctly taught 
than with a personnel of the old type that has acquired by nile of thumb a variety of 
habits that arc more or less bad. It is, indeed, not beyond the bounds of possibility 
that the operation of distilling zinc ore may be so standardized, regularized, and 
controlled that the present fallibility of the human factor will be eliminated to a large 
extent. 

Germany, by virtue of its own great deposits of zinc ore in Upper Silesia and its 
contracts for the Broken llill ore, was the great purveyor of spelter to the rest of 
Europe, especially to England. The first great consequences of the war were to 
suspend to a major extent the production of zinc ore in Australia, there being insuffi- 
cient surplus smelting capacity outside of Germany and Belgium to receive it; and 
to throw a large part of the spelter requirements of Great Britain, France, and Russia 
upon the United Stat(‘s. The result of this movement was to raise the price for spelter 
to a figure not previously recorded in many years. Although this had a powerful 
commercial effect upon the Ameiican zinc industry, it did not have much influence 
upon the pyrometaliurgy of this country. However, it had the immense effect of 
stimulating the jiroci'ss of electnilytic extraction. 

Considering tlie art of ziiu smelting upon its broadest lines, the variations between 
European and American practice are explained by variations in fundamental condi- 
tions, whicli may be summarized in the statement that in Europe labor is cheap and 
coal is dear; while in the United States coal is cheap and labor is dear. Thus, 
American smelters strive ever for mechanical substitutes for hand labor, and 
European smelters aim always to reduce coal consumption. There have been other 
determinative factors, the differences between which arc, however, tending to disappe^ar. 

Zinc Smelting in the United States. — ^American zinc smelteries are of two kinds: 
viz.f those which use coal as fuel, and those wliich use natural gas. In Europe, 
coal is the only fuel, with the exception of one small plant which has furnaces 
designed for the use of producer gas or petroleum alternatively. American zinc 
smelteries are more htandardized in their design than are the European, f.e., 
the natural-gas plants arc very much alike, while the eoal-fired plante follow only 
two tyiies. The varieties of roasting and distilling furnaces are but few. In 
European practice, on the other hand, there are many varieties of roasting and 
distilling furnaces, although, of course, they conform to standard principles. 
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Hms naittr^l-gas amatory of the United Btatm is idmpler, oradef, iMd tut tUU 
expetisive tbAn th6 eoal^fired plant. As it is built for tho US6 of an ^hotporall fu^ 

IS desirable, obviously, to keep the outlay of capital in such a smeltery at a 
mum* For this reason the buildings and the machinery are of relatively light OOll^ 
struction. Capital outlay is also saved because there need be no means for unloadiinlt, 
storing, and rehandling coal, no generators for gasifying it, and no regenerators for 
conserving it. Furthermore, the natural-gas plants are situated in regions where 
there is no market fol* sulphuric acid — ^therefore, there arc required none of the 
adjuncts for acid manufacture 

The coal-fired plants of the United States, on the other hand, are, without 
exception, built in regions where there is market for sulphuric acid and are designed for 
acid manufacture Economy m fuel is an essential consideration Tliorefore, all of 
these plants are constructed with regenerative furnaces, or else aic designed for heat 
recuperation m the form of steam 'I'hese plants are built substantially, with a view 
to long life, and are relatively costly The old, direct-fired Belgian furnaces that were 
first introduced in zinc smelting in the United States no longoi arc m use, but examples 
of them are still to be found in abandoned plants 

The American zinc plant is usually a perfectly integrated affair Blende is taken 
in and roasted, and spelter and sulphuric acid are produced In u few instances a 
rolling mill forms a part of the plant and spelter is manufaclured into sheet The ore 
supply of American smelters is mainly blende The quantity of calamine received 
by them is insignificant European smelters, on the other hand, still get a great deal 
of calamine Their supply of blende, arriving largely by sea, is frequently received 
first at a roasting plant, where it is desulphurized and sulphuric acid is made The 
roasted ore is then reshippcd to the smeltery or distillery At the latter, roasting fur- 
naces are absent To a small extent loasfing and distilling aie done as different 
operations, in different plants, in the United States, but not so much so ns in western 
Europe The zinc smelteries of Silesia are fully nitogr ited affairs like the ordinary 
Amencan plants 

Another essential difference m the designs of Ameiican and European zinc plants 
relates to means for the furthei trc'atment of the residues fiom distillation European 
smelters treat more leady ores They conduct their distillation at a higher tempera- 
ture than in Amencan practice Their retort lesidues arc*, therefore, i datively low m 
zinc, but high in lead They are delivcied to a washcry, where a lend concentrate is 
produced by jigging and tabling, which is sold to lead smclteis In American practice 
residues that are sufficiently liigh in lead and silver are shipped din^ctly to silver-lead 
smelters If low in silver and lead but high in /me, which is usually the experience, 
the residues are passed on for the extraction of their remaining riiic as oxide, which is 
accomplished by burning in furnaces of the westcin Wethcnll type In one or two 
instances, however, the residues are subjected to mechanical concentration and the 
concentrates are reroasted and redisl died 

It will be perceived, of course, that the differenc e in the designs of the two main 
types of Amencan zinc smelteries, and Ihe difference between them and European 
plants, are determined mainly by economic conditions The American zinc smelter 
translated to Europe would do the same things as his European c ollcagues, and vice 
versa would the European if brought to America Both of them speak the same 
language, metallurgically, and arc well informed respecting mutual practice The 
differences in the practice of the art which result from differences m conditions will be 
discussed more fully m subsequent pages 

Further comparisons between European and Amencan practice may be most 
clearly indicated by sketching the prmcipal parts of a modem zmc-smelting works 
All of what follows m this chapter pertains to the smelting with coal-tired furnaces 
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only and does not include the smelting with natuml gas in the United States — ^which is 
on the wane. Nor are the figures given intended to represent the practice with Siieaian 
furnaces. 

The ore is delivered into the works in railways cars, from which it is unloaded 
directly into the storage bins. Hie means for unloading, sampling, storing, and 
reclaiming have, heretofore, been rather crude in many of the American works, but 
recently there has been an increasing tendency to adopt the superior methods that 
have long obtained among lead and copper smelters. ^ 

Hie ores coming to the zinc smelter are classified as calamine and blende. In 
Europe, the former is still calcined. In America, the calcination of calamine was 
abandoned by the smelters many years ago, the advantages being pronounced unequal 
to the cost. Blende, of course, must always be roasted. 

The roasted ore goes to the mixer, where it is united with the proper proportion of 
reduction coal. Mechanical mixing and carefill attention to this important part of 
the process were early practiced at La Salle, but at other plants in the United States the 
methods were far below European standards until recently. 

Following European practice, American distillation furnaces are now commonly 
built entirely above the ground, the unclean, uncomfortable, and unsanitary subter- 
ranean galleries of old being abolished. The Europeans are still ahead, however, in 
ventilation of the furnace houses. They generally lay out their furnaces in line, while 
in this country they are laid out in rows. 

Metallurgically, the essence of zinc smelting is the temperature of distillation. 
Speaking generally, the higlier the temperature the better is the extraction of zinc. 
But with bad ores, and bad practice, high temperature is not feasible, for the furnaces 
and retorts will not stand it. A bad ore may be smelted with but little trouble, at a 
relatively low temperature, but the extraction of zinc will be poor. The aim of the 
zinc smelter is to smelt a bad ore if he has to and to obtain the maximum possible 
percentage of zinc from it. 

In general, the Europeans excel the Americans in this respect. They mix their 
ores more scientifically, they make better retorts, and they build .stronger furnaces^ 
all of which contribute to an ability to drive their furnaces at higher temperature than 
Americans have o'et attained —and at the same time they utilize ores that are rather 
high in lead. In so smelting, they make a leady speller, but a simple refining in a 
reverberatory furnace removes the excess lead. In only one American works has that 
been pnicticcd. 

European smelters also generally recover blue powder as a commercial product. 
This is obtained from the prolongs, which condense a proportion of zme that would 
otherwise be lost. American smelters do not use prolongs. Although m trials of 
them, an additional 1 or 2 per cent of the zinc has been obtained, they have found it to 
be unprofitable — this again reflecting the difference in labor conditions. 

The pi-eviously mentioned mam differences between European and American 
practice in zinc smelting are explained by the reasons previously mentioned. Per ton 
of raw sulphide ore, the American smelter uses about 1^4 to 2)4 tons of coal and 2 to 
2^2 man-days of labor; and extracts ‘about 84 to 88 per cent of the zinc that is in hi$ 
ore; if he treats lead-bcaring ore, he may recover 50 to 60 per cent of the lead. 

The European smelter uses about 1^4 ^ tons of coal and extracts 88 to 90 
per cent of the zinc that is in his ore, and about 50 to 70 per cent of the lead. 

Properly, such figures as the abox»^e should be accompanied by qualifications and 
explanations that would iTin to pages in length and would constitute an elaborate 
treatise upon the metallurgy of zinc. Therefore it should be remembered that the 
figures are used merely as broad generalizations for the purpose of exhibiting, in 
tabloid form, the lessons deduced from the differences in the art as practiced in 
Germany and the Low Countries and in the United States. They mean that the 
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Eutope&ns, with the aid of better furnaces and superior technical dijneotton, are abte 
to smelt more refractory ore than arc Americans, and yet extract a bighcMr prplHOI^ 
tion of the valuable metals. They have built more substantial plants — secure iryn. 
fear of geographical migration of their industry— for the sake of increased durabaw 
and maximum economy of fuel. 

General Principles^ of Zinc Smelting. — The metallurgy of zinc divides itself 
into two main branches: viz., pyrometallurgical, and hydrometallurgical. Under 
the latter head fall the chemical and electrolytic processes, according to whether 
chemical reagents or electric current be the agent for precipitating zinc from its ^ 
solutions. Under the former head come the processes that are commonly 
generalized as zinc smelting, but the latter word is more or less a misnonter^ 
inasmuch as there is commonly nonsuch thing in the pyrometallurgy of zinc as 
smelting. In all i)rocosses, zinc oxide is directly reduced by carbon, volatilized 
and distilled, and the only association with smelting as commonly understood is 
that the metal, if that be the end product, is obtained in a molten state. 

The zinc pyrometallurgical processes are, tlierefore, all ))roceHses of distillation. 
They may be subdivided into: (1) simple distillation for spelter; (2) distillation for 
zinc and lead, wliieh may be called zinc-lead binelting with a nearer approximation 
to the idea of smelting than anything else in tins metallurgy; and {S) distillation for 
zinc oxide or zinc-lead oxide, in which the zinc follow^mg reduction is burned imme- 
diately and collected u.s oxide instead of being condensed as spelter. These three 
branches of zinc ])yrometnllurgy may be, and are, combined in a variety of wuiys. 
Although the term “zinc smelting ’’ is not precise, as lias liereinbeforc been jmintod out, 
it will be employed freely, for it is in common usage and everyone knows what is 
meant by it. 

The art of zinc smelting is simple in principle, hut complicated in practice. 

It depends upon the reducibility of zinc oxide by carbon, or carbon monoxide, 
or both. C'onsoquently, zinc sulphide— blende must first be ro^istod to obtain 
the oxide. Zinc silicate (ZnO.SiOa) and zinc ferrite (Zn().Fe 2 ()i), which may be 
formed during the roasting, are both reducible directly by carbon. 

Zinc oxide begins to be reduced by carbon at temjieralurcs ranging from IKK) to 
980°C., about 940" being a figure Unit lias been determined for roasted Joplin blende. 
The result, however, is affected by the percentage of carbon dioxide present in the gas. 
According to Bodlander, zinc cixide reduced at 1125"(’. is reoxidiz(*d by carbon dioxide 
if the latter be present in more than 0.2 per cent of the volume of the gas. With 
increase of temperature the permissible percentagi* of carbon dioxide increases also, 
until at 1500°C. there may be 0.76 per cent.^ Dr. C. IT, Fulton in a recent paper* 
gives somewhat different ideas. He say.s that carbon dioxide under 1 ptjr cent has no 
effect upon zinc vapor either above or within the condensation temperature range, but 
within that range, 500 to 700"C'., distillation gases must not contain more than 2.5 
per cent carbon dioxide if oxidation of the zinc is to be avoid(*d entirely; when present 
between 2.5 and 5 per cent, the action of carbon dioxide is comparatively slight; when 
more than 6 per cent is present, oxidation is pronounced, and blue jKiwdcr begins to 
form. 

Without being precise as to the limits, the effect of carbon dioxide in the retort gas 
is of supreme importance in the metallurgy of zinc. It explain.s why metallic zinc 
may not be distilled in a blast furnace and why the product is blue powder in one- 

I Z. Elektrochem., 8 , xhv, 83.1-842. 

> Trana. A. 1. M. M. 60, 280-302. 
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stage smelting m ike electnc furnace Zmc onde eon be radueed m the bluet tmtH 
nace juat as it is m the Wetherill furnace — ^which is a species of blast fumace-HiiUt hi 
the Wethcnll the reduced zmc is then intentionally burned to oxide By limiting 

presence of carbon dioxide, combustion of the zinc may be avoided, but the oxi- 
dation that results m blue powder cannot be avoided This is why the reduction- 
distillation of zinc IS limited to relatively small retorts, in which the necessary and 
peculiar conditions can be maintamed, and why the process /nust be so arranged as 
to be divisible into stages Even so, although it is possible to establish the condition 
of very low carbon dioxide in the gas issuing from the retort during the period of active 
distillation, it is seldom possible, perhaps never, to attain the minimum theoretically 
required, and there is always also a certain production of blue powder by physicaf 
conditions, especially sudden chilling of the zinc vapor, which causes the metal to drop 
down in solid form instead of liquid, with the analogy of the condensation of aqueous 
vapor as snow or hail instead of rain 

Looking into the condenser m place in the furnace in operation, the zinc vapor may 
be seen emerging fiom the rctoit as a fog, assuming a swirling motion counterclockw laa 
and wreathing spirally around the interior surface of the condenser Cooling in con- 
tact with that surfac e, the droplets run down the sides, and fall from the top, collecting 
in the pool in the bottom When they have experienced superficial oxidation they 
fail to coalesce, but the latter action may be brought about to a certain extent by 
pressure, or, much better, by a rubbing that removes the superficial coating of zmc 
oxide The zinc vapor that escapes from the condenser into the prolong is precipi- 
tated 111 the latter ns powdc r as a c onsequence of the sudden chilling therein, although 
the powder is but rt‘l ilively little oxidi/ed For this reason, the blue powder from the 
prolong is inuc h higher in /me than the blue powder from the condenser, and when it is 
collected as a marketable pioduct the prolong dust rather than the condenser dust is 
always sought 

As practu dh eondiictod, zine distillation is in intermittent process, divided into 
four stages, viz ( 1 ) Ihc maneuver, during which the spent residues from the previous 
charge are withdiawn broken retorts are itplaced, all retorts are recharged, etc 
This stage requires 3 to 5 hr (2) Prclimmarv reduction, during which water is 
expelled, hvdioc irbons are driven off, and the oxides of metals other than zine, sUCh 
as iron and lead, are reduced During this stage, which occupies 2 to 3 hr , the tem- 
perature of the retorts is raised gradually The issuing gas is first pure coal gas and 
burns with a luinmous fl irne at the noses of the condensers This fl imc becomes less 
bnght as the reduction of the nietallic oxides begins and the percentage of carbon 
monoxide me re ises, and gradually bee omes purple W hen the flame bee omes tinged 
with bluish gr(»cn the begmiiing of zinc distillation is indicated This marks the 
c nd of the second stage of the piocess, although the dividing line is not sharply diawn 
When zmc begins to distil irid condense the percentage of c irbon dioxide m the gas is 
still high, ind consecpicntlj theie is much foimation of blue powder at this time 
(3) Active distillation during which the zinc is reduced and distilled rapidly, this 
period running ibout H hr (4) Waning distillation m a period of about 4 hr , 
during whic h t he Inst part of the zinc is expelled the average rate of hourly condensa- 
tion during this period be mg onlv about one-half that of the previous penod A high 
temporatui e is maintained during this penod and the resistance of the retorts, rebeved 
of the endothermic reaction within them, is tested most severely Finallj, all of the 
zmc iH expelled that tan be at the temperature used, the condenser flames become pur- 
ple again, the t ytle has been completed, and preparations are made for the maneuver 
of the next day 

The foregoing indicates one condition which stands in the way of making zmc 
reduction distil latum i continuous process, m, the necessity for performing the 
scM ond stage scpaiate from the iluid In practice, this is done as one of the steps in a 
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24*hr in the dietfllmg fuioftoe, but it may be m a eeperate tmmmn 
fteparaie act and then *inc dietillatioti may be conducted Qontinuoualy Thie tuie 
been proved by electric furnaces operated on preheated, or prereduced, fhar|^ Hd 
same idea of prereduced charges has been actually, though not generally, used in ptnuf 
tical pyrometallurgy, not to the extent of enabling continuous distillation, but < 

to relieve the retorts of some of their work and extend the time available for actiiV0 
zinc distillation 

Another important condition stands in the wa> of continuous distillation) however, 
though it 18 not insuperable, viz Intimate contact of zinc ore and carbon is nec^ssaryj 
which implies fineness of grains Indeed, zme ore, being so largely the product of 
Cipncentrating mills, including the excessively fine fiotation slimes, comes to the 
distiller fine anyway Now, when a retort is chaiged w ith fine ore a rod must be run 
through the top (this is called “spiessing ') m order to afford a ch innel for egress of 
the gas and vapor during the early stage of distillation However, the gas and vapor 
must seep up through the charge itself in order to get into the channel Under certain 
(onditions, e g , too great depth, excessive fineness, etc , it may be unable to do that 
easily The result then may be the accumulation of such inteinal pressure that the 
entire charge will be blown out of the retort This is wh> the distillation of ore ordi- 
narily fine IS practically limited to the depth that it has in the Rhenish retort , t c , about 
12 in For the distillation of coarser charges in Upper bilesin, deeper muffles were 
formerly used, but when they began to tieat ncher and finer ores the Silesian distillers 
p had to adopt the Rhenish retort 

The same condition applies to vertical retorts designed for continuous operation, 
although the earlier designers did not think of it The gas and vajxir could not get 
out One or more inventors thought subseque ntly to meet this e ondition by arranging 
a row of outlets down the shaft It is possible, also, that thi condition may he met m 
other ways In the Roitzheim-Remy furnace that has been introduced in Germany 
this problem appears to h ive been mastered, but this furnace has so farbensn used only 
for chstilling secondary produeta 

It will help in the consideration of the whole sulijet t of zinc pyromctallurgy if these 
fundamental principles of prictice aie fixed well in mind lluie is another principle, 
namely, the matte r of tempeiatur^ of distillation, on whu h dc'pciicls laigely the extrac- 
tion of the zinc, the qualit\ of the primary pioduc t, and the cost of the piocc ss 

Although 71 I 1 C oxide begins to re due e, under ce^rtain conditions, at about 940®C , 
the speed of the reaction is greatly increased by elevation of ti mpoiatuie, and, since it 
is for technical considerations important in prietice to complete the working of a 
charge in 24 hr it is c'ssential in practical smelting to conduct the ope r it ion at a 
considerably higher temperature Given a certain time for the distillation, which is 
commonly about 17 to IS hr , the renninmg 6 to 7 hr being oetupied in discharging 
and recharging the retorts and expelling the hydrocarbons, the higher the temperature, 
the more complete will be the extraction of the zim But hero enter other oomplica- 
tions The singulosilicates ot iron, lime, ttc begin to form at ibout 1200°C’ , and as 
the temperature rises further more infusible slags can form, and the gangueof the ore 
contaimng these elements miy give rise to slags which quickly coirode and destroy 
the retorts m which the distillation of the zinc is being conducted to such an extent 
indeed, as to make the process impracticable Moreover with me rease of temperature 
other metals, especially lead distil over with the zinc, necessitating a further refining 
of the latter in order to produce a marketable quality of mental An ordinary tem- 
perature of distillation is 1250 to ld50°C 1 he performance of the process at X200^C 
IS known as “slow driving," while 1400 to 1450°C’ is “hard driving ” Thcjse tempera- 
tures are maxima and are as registered inside the retort The temperature in the 
laboratory of the furnace, % e , outside the retorts, is about 100*^ higher at the time 
when the maximum le attained. 
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American smdters lean to alow driving while Europeans lUlhere to hard dnving. 
In either way there is some variation m the management of the furnace. Having 
arnvod at the third stage of the process one smelter may raise the temperature 
quickly and mamtain a high temperature right through the third and fourth stages^ 
while another may raise it more gradually and attain a manmum during the fourth 
stage when he is ''pinching” the charge. As already pomted out, with increase of 
temperature othei metals, especially lead, distil over with the zinc. Given the lead 
contents of chaigc and spelter, an experienced metallurgist cati tell pretty nearly what 
was the temperature of distillation American smelters make a practice of keeping 
separate their first draw of metal, which will be higher in cadmium and lower m lead 
than the second draw The last draw, which may be the third or fourth, will be high- 
(fet in lead European smelters, distilling uniformly at high temperature, are apt to 
make a leady spelter, which has to be lefmed by melting m a reverberatory furnace 
and allowing t he excess of lead to sepal ate by avity This has the incidental advan- 
tage of equalizing the spelter and producing slabs of unifoim composition Spelter 
molded directly fiom the drawing kettles is apt to be irregular m composition and 
there is more or less complaint against American brands on this account 

The matter of t( mperature introduces consideration of the behavior of the ganguc 
of the ore, for the higher the temperature the more dangenius become the slags 
The historn method of taking ( are ol the slag is to have present a great excess of reduc- 
tion material to absorl) and hold it like a sponge, but m modem practice care is taken 
not to permit the lonnatioii of an> thing like an easily fusible singulosilicate, but so 
to compound the charge that the slag will be a bisiluate or trisilicatc The retorts 
must bt .iH strong, dc'iise, and non-t oi rodible as it is possible to make them, and the 
lining of the fiiniac e- in fact, the general struc lure, and especiulh the middle wall, or 
middle ledges— must be of the m txiinum durability The successful withstanding 
of a temperature of for a camjmign of upward of three 'vears requires refrac- 

tory matciial, masons’ work, and geneial turmice design ot a high order of excellence 

C’omplying with these cemclitienis, good piactiee t'lids strongly to hard driving, for 
the extraction e>f zinc is greatly mcre'ased without a ceirre^poiidmg increase in the 
eonsuinption of coal as compared with slow driving The Luropoaii smelters were 
hard dii\ers, Gccn in prewai times, while the American aic gencrilly slow drivers 
Note must here be made that a furnace designt'd tor the distillation of a ceitam ore 
at a relatively low teinpeiature camiot neuessanly be speeded up by simply raising 
the temperature In so doing the e apae ity of the condense rs might be overtaxed and 
rine distille'd too rapidly might be forced to burn uncondensed <it their noses Refer- 
euire may here be made again to the subject eif pnilongs, sheet-iron extensions of the 
condensers Europe*an distillers use them geneially, American but rarc'ly. They 
Rave‘ eamsiderable zinc escaping fiom the eondensers, but in American practice this is 
deemed insulficient to compensate for the extia labor of taking them down and put- 
ling them up at each driw With the Rhenish and Silesnn furnacc*s drawing is less 
fre^qiieait, nor do tiie predongs have necc'ssinly to be taken down during drawing 

In the distillation ol zinc ore oplv a part of the zme is obtained directly as spelter, 
the proportion commonly ranging from 60 to 70 per cent The* remainder goes into 
be*tween-produc ts, from which it is lero-vcred by re*distillation, or is lost The 
between-pniducts are the withdrawals from the front ends of the retorts (called 
“samples”), ladle skimmmgs, condenser cleanings, condenser concentrates, and floor 
sweepings, the last taking m the old luting of the condensers, metal splashes, etc. In 
American prae'tice these between-produetb, which may aggregate 20 to 30 per cent 
of the weight of the ore charged, are lumped together as “blue powder ” Properly 
speaking, the blue powder is the metallic dust that ib collected m the prolongs, if they 
be used, or is pulled out of the condensers along with the spelter to be subsequently 
segregated as ladle skimmmgs. 
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Th^ blii6 powder collected in prolongs may be sold, after siftixig;^ aa a comiiiaerarii 
product, but, in general, all of the between^products are redistill^. This is doi^ 
either in a separate furnace devoted to that purpose, in European practice j or in the 
ore^istilUng furnace, in American practice. In the latter a certain number of retorts 
in the cooler part of the furnace are appropriated for this. In the Hegeler furnace 
these are the retorts near the chimney end ; in the Siemens furnace, the upper two rows. 
With the Hegeler furnace the blue powder ib usually distilled alone; with the Siemens 
furnace a proportion of fresh ore is usually mixed with it. 

The proportion of blue powder is widely variable and to a considerable extent is 
within the control of the metallurgist. Thus, one may draw a large sample from the 
retorts, while another may take but a small one. A third may be indifferent respect- 
ing his residues, intending to burn them subsequently on grates. Thus, the matter 
of between-produots correlates to a greater or less extent with the percentage of ulti- 
mate metal extraction. It will be observed, of course, that all of the material that is 
subjected to red ist illation is bound to experience a secondary loss of zinc. It may be 
remarked further that the consumption of coni, labor, etc., is commonly calculated 
upon the basis of fresh ore charged. Thus, if it is said that 1 ton of coal is used 
for the distillation of 1 ton of ore, that quantity of ore plus about 0.3 ton of between- 
products is meant. 

The losses in zinc distillation may be generalized as being due to failure to 
reduce and failure to condense. The latter may be subdivided into losses by escape 
and losses by absorption. The loss by failure to reduce exhibits itself in the reten- 
tion of zinc in the residues in the retorts. This is always the largest single item of 
loss. It is especially ascribable to zinc being held back by sulphur, which may 
be due not to poor roasting but to the presence of j-ulphates in the ore which liber- 
ate their sulphur during the reactions in the retort. Absorption losses occur in 
the clay of the lotorts and condensers. W^ith the former the zinc forms a spinel, 
from which it is non-recoverable, but from the condensers a considerable portion 
of the absorbed zinc may be regained by crushing and concentrating mechani- 
cally, Losses by escape occur through the breakage of retorts,* the hltration of 
zinc vapor through them, the flight of uncondensed zinc from the noses of the 
condensers, and from the burning of the lesidual zinc vapor in the retorts when the 
condensers arc taken down at the end of the daily cycle. The flight of zinc from 
the condensers, which usually amounts to 1 or 2 per cent, may be prevented by 
the use of prolongs, but inasmuch as they have to be removed at each drawing of 
metal, that does not pay with American labor conditions and the practice of making 
three or four draws per day. With Eunijiean conditions and the Rhenish prac- 
tice of only one draw per day things are quite different. 

In good practice, both in Europe and America, the extraction of zinc in distillation 
runs from 86 to 90 per cent of the onginal content of the ore. An analysis and 
explanation of the differences and thf* determining factors would necessarily be lengthy 
and complicated. Perhaps no other branch of metallurgy is so involved. Before the 
ore reaches the distilling furnnees it has been subject to the losses of roasting and 
handling. These may aggregate 3 per cent. On the basis of raw blende, therefore, 
the plant extraction will be about 83 to 87 per cent against the 86 to 90 per cent 
of the distilling division. There are, however, many works that do not do so well 
as the lower figure. 

This statement of general pnnciples outlines the complexity of the art of zinc dis- 
tilling m arriving at the most economical balance among many conflicting conditions. 
Within the present limits of space it is impossible even to hint at many details of the 
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art. The manufacture of retorts and condensers, the design of distilling lumaeesi 
the organization of labor for their operation, the matter of density of charge^thei^ 
and many other things are subjects for volummous analysis and discussion. Bulky 
treatises are devoted to them without exhausting the subject. ^ 

Blende Roasting. — In the metallurgy of zinc, blende roasting is performed 
under two majoi heads, which may be described as dead roasting and partial 
roasting. In the former process the objective is to eliminate all of the sulphur 
that it is possible to do economically. This is essential as a preliminary to 
reduction and distillation for sjielter, or for reduction and burning for oxide. In 
connection with either of those purposes retention of sulphur, especially as unde^ 
composed sulphide, means loss of zinc in substantially the proportion that it is 
bound with the sulphur In roasting blende as a preliminary to reduction and 
distillation in an eleciiic furnace a partial desulphurization is all that is needful 
if the furnace is to be operated on the principle of gangue scorification, in which 
event the presence of some sulphur is desirable for matte-forming purposes. 
Thus, in the Scandinavian electrothermic metallurgy from 2 to 4 per cent of 
sulphur is left in the roasted ore. 

Ab a preliminary to electrolytic zinc extraction also the roasting is only partial, 
hut in this instance* it is desirable to have the maximum oxidation of zinc sulphide 
and a certain production of zinc sulphate The sulphate passes subsequently into 
solution, and by the following eleetrolysis sulphiuic acid is formed, replenishing 
that which is otherwise lost in the process Indeed, there is a tendency toward the 
accumulation of surplus acid unless the roasting be carefully controlled. The latter 
is done by roasting at a relatively low temperature, about 700®C , and regulating the 
volume of excess air It is possible to conduct the process of partial roasting so as to 
convert nearly all of tlie zinc sulphide into zinc sulphate, as is done in the Coolbaugh 
process; or the roasting may be done m two stages, as at Risdon in Tasmania, where 
the first is designed to give a rich gas, suitable for sulphuric acid manufacture; and the 
second is adjustfc^d to complete the decomposition of the zric sulphide and produce 
the zinc sulphate necessary for the electrolytic process. By the two-stage method, 
which IS performed with the aid of two furnaces, the surplus sulphur is used commer- 
cially and the acid balance in the electrolytic process is easily controlled. 

In the dead-roasting of blende the furnace tempeiature attains about 900®C. at 
the maximum. In properly conducted operations blende containing 30 per cent sul- 
phur IS burned down to 1 per cent of sulphur, or less, reckoning as “sulphide sulphur"' 
so-called. Roasted ores containing lime may show low sulphide sulphur and high total 
sulphur, owing to the formation of calcium sulphate The dead roasting of blonde 
may be done cither with a view to utilizing the sulphur dioxide for acid manufacture 
or to the wasting of it through chimnevs For the former purpose, muffle furnaces 
are necessarily employed , for the latter, reverbera tones or any type wherem the flames 
pass directly over ore on the health 

Blende roasts best when it is crushed to about the size of wheat grains, or 1- to 
2-mm. diameter, or, say, to pass a (V-mesh screen. The masting of excessively fine 
ore, such as flotation concentrates, is more difficult, owing to its greater volume and 
the inability of the air to obtain free access to the particles except when they are 
exposed on the surface of the bed. There is, naturally, more dusting from stirring and 
fmm dropping from hearth to hearth with fine ore than with that which is more 

» The reader la referred to Ingalls. “Metallurgy of Zinc and Cadmium,’' L odin, “Metallurgie du 
Zmc.” Liebiq, ‘ Zmk und Cadmium,” Hofman, ’ Metallurgy of Zinc and Cadmium,” and Psoar, 

‘ Coun de Metallurgie dcs Metaux autree que le Fer ” 



METAJJLVmr OF gmC OAmiVit 


coai 9 ely granular* The collected fiue dust may be as high as 5 per cent of the pnight 

of the ore charged into the furnace, 

Theoretically, blende should bum autog^ously, i.e , without the use of eictr^ueotiis 
fuel. Commonly, however, a widely varying percentage of coal is burned in the 
box. This may be as high as 50 per tent with a ptwir type of furnace and as lew 
as 10 per cent with a good type The difference is attributable to vanation in the 
conservation of heat within the furnace and the control of air supply, avoiding any 
large excess which mui!ft be uselessly heated. Practical trials have lately been made 
with the Ord furnace at Cuba City, Wis , and Columbus, Ohio, which is designed to 
dead-roast blende autogenou&ly, and there is prospect that this will lie siicoessfully 
accomplished in conformity v ith theory and in one furnace It has been known, of 
course, that blende might be self-roasted down to 8 or 9 per ci'nt sulphur in one fur# 
iiace and then finished by moans of a IHight-Lloyd smterer 

Many types of blende-roasting furnaces liave bt'en designwi and used. Those are 
described in the metallurgical treatises to which the reader has been r(‘ferrod. Some 
of these furnaces remain m use, especially in Europe, as relus of old-time practice, 
but m the United States relatively few forms of fuinace survive If sulphuric acid 
IS to be made, requiring a muffle furnace, all Amcruan smelters use the Hegeler, 
except one which employs a modified Spirlet and one which has adopted the Ord fbr- 
nace. If sulphuric acid is not to be made, the furnaces that are in use comprise the 
Ropp, the Zellweger, the Rissmann-Ruebel, and the Brown (both horseshoe and 
straightway) In Europe, practically all of the blende-roastiiig furnaces are muffled. 
The Rhenania furnace is still (xtensively employed, but the present favorite among 
liand-raked furnaci's is the Delplace As a niedianical furnace, the Spirlet has found 
favor with a good many Eun^pem smelters 

No great amount of space need be given to the description of the reverberatory 
roasting furnaces At the present time none but those which are nieehanieally raked 
would be used, and they would be used only m regions whire there is no extonsivo 
market for sulphuric acid and where tlien is freedom to disperse the sulphur gases 
into the atmosphere The smelters west of the Mississippi River in the United Htates, 
which use natural gas as fuel, encounter sudi fonditions and conseiiuenily employ 
mechanical reverberatory fur naces This type might also be employe d m some remote 
places, e fir , in Siberia, but in gcn( lal, it may b< < onsidcred that its day has gone. 

The mechanual reverberal ori(*s differ mainly in their stirring mechanism, which 
must be designed so as to have some pioteition fiom the heat of the fumato — espe^ 
dally its working parts In the Brown fiirnjee the rabbles are (urried by wheels 
running on rails in recesses at the sides of the hearth, the stirring arm, or beam, travel- 
ing through slots, which are arranged in the masonry of the fumme This furnace 
may be built with the hearth in annular form or in straight line, the pinic iplc of the 
design being the same cithei way The Ropp furnuc is bimilar in general principle, 
but the carnage itself runs on a track m i tunnel und(*r the hearth, while a standard 
projects upward through a longitudinal slot in the center of the hearth and carries the 
rabble over the latter The Hopp furnace is built only as a Miaight-line furnace 
The Cappeau furnace is the same as the Ropp, but the heaHli is supported on legs, so 
that the stirring carnage beneath it runs in the open instead of through a tunnel 
The Zellweger furnace has two deep troughs on cadi side of the hearth, wherein are 
laid the rails for the wheels of the stirrer The stirrei itself straddles the hearth hke 
the axle of a wagon The stirrer rotating over the hearth in its forward motion has a 
very gcx)d action upon the bed of ore, but, unfort unatelv, the wheels that carry it are 
necessarily of large diameter, thus entailing a high rcxif The volume of the rever- 
beratory chamber is, consequently, so great that the furnace proved very wast/cful of 
fuel The Rissmann-Ruebel furnace was designed to correct that drawback Two 
hearths were built side by side and the wheels were caused to run on a tiuck between 
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them, the axle of the pair projecting right and left through slots in the opposite sides 
of the pair of furnaces and thus carrying the rotating stirrer over the respective 
hearths. These several furnaces have been described in great detail in the metallurgi^ 
cal treatises of Ingalls and Hofman. 

The mechanically raked reverberatories are relatively cheap in first cost. They 
are also relatively cheap in operation, although t heir fuel consumption is commonly 
high, owing to the inability to control closely the volume of air passing through them 
and the common use of an exaggerated excess. This Ls reflected in the gases passing 
to the chimney, which seldom contain more than 2 per cent of sulphur dioxide by 
volume, whereas the gases from muffle furnaces are seldom lower than 5 per cent, and 
commonly are 6 or 7 per cent. Of course, this is not a strictly correct comparison, for 
in speaking of the muffle furnaces no account is taken of the gases from fuel consump- 
tion. However, it affords a rough idea. Within these limitations the mechanical 
reverberatory is a good desulphurizer, and wifh it no difficulty is experienced in 
dead roasling favfirable blende down to a sulphur content of less than 1 percent. 

In roasting blende with a view to using the sulphur gas, a muffle furnace is requi- 
site, of course. For this purpose American zinc smelters use only the Hegeler, with 
but one or two exceptions The Hegeler furnace has undergone but little modification 
since its introduction at La Salle m 1882. It is built in the form of a double series of 
hearths, right and left, seven high. It is always fired with producer gas. Flues for 
the combustion of the gas pass under the lower hearths, the heat of the burning sulphur 
being self-sufficient in the upper hearths. The raking operation is intermittent and 
only semi mechanical. At each end of the furnace there is a structure with platforms 
corresponding with the hearths, on which the rabbles are supported when not in action. 
A manipulating crew of men is required at each end of the furnace. A more or less 
complicated mechanism causes a rod to be thrust through the hearth to be rabbled. 
The operator at the olher end of the furnace attaches the ralible to the end of the rod, 
which is then drawn back through the hearth. When the rabbling of one side of the 
furnace has been completed, the structure supporting the rabbles is swung around, 
after which the rabbles are drawn through the other side of the furnace in the opposite 
direction. There are ports in the sides of the furnace which may be opened for the 
barring up of hearth acc*retions. In the roasting of certain sorts of ore, especially 
leady ore, this is a tedious and vexatious obligation. 

The improvements in the Hegeler furnace since its original introduction have 
increased its dimensions, bettered its construction with respect to masonry and iron 
work, and improved the mechanism for operating the rake rods. Whereas two men 
were formerly required per shift at each end, many furnaces are now so arranged that 
one man per shift can do the work In spite of these improvements, however, the 
Hegeler furnace remains a clumsy means for blende roasting. It effects good desul- 
phurization but yields only a moderately strong gas for acid manufacture. Operating 
cost is relatively high, and the cost of installation is huge. The use of the Hegeler 
furnace under hiuropean conditions would be practically out of the question. 

Owing to the relative cherqiness of labor abroad, European metallurgists never had 
the same incentive as Ameri(‘ans to go in for mechanical loasters. They have devised 
several types, but none has come into general use and but few have even survived. 
The latest and most promising design w^as the Spirlet. This is a circular furnace, 
about 14 ft. in diameter outside, with four superimposed hearths. Tw^o of the hearths 
are stationary and two of them are rotated by external mechanism. The hearths are 
built of special tile, inside of a steel ring, in such a way that alternate tiles project 
downward to serve as rabbles for raking the ore on the next hearth below. The 
space between the hearths is small, being only 6-'*4 in. in height. Only the lowest 
hearth is heated externally. The air for roasting and for combustion in the tire boxes 
is preheated. Both the stationary and moving hearths have lateral seals working in 
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annular troughs. When it is necessa ry to repair the hearths they are lifted out bodily, 
one after another, by means of a orane. 

The Spirlet furnace is thermally well designed. As there is no interior mechanism 
and the hearth chambers are small, close control of the air is possible. The roasting 
gas commonly contains 7 per cent sulphur dioxide and may be run up to 10 per cent. 
Coal consumption is low, even as little as 7 or 8 per cent, and the requirements of 
labor and power are small. The furnace is capable of installation in a battery of 
relatively small units (the standard furnace burning about 10,000 lb. of blende per 24 
hr.), an arrangement which the sulphuric acid maker likes for the sake of regularity of 
the gas delivered to him. The maintenance of the rabbles is rather troublesome, 
however, and there are mechanical difficulties with respect to the general design and 
operation of the furnace. Some of the Belgian smelters have made them work, 
apparently with satisfaction. Extejisive installations of them were made in three 
American plants. At two of these a great deal of trouble was experienced and the 
Spirlet furnaces have been practically abandoned at them. At Argentine, Kan,, the 
metallurgists retained them and, after redesigning them, producing what may he 
called the American Spirlet, found them quite satisfactory An extensive installation 
of Spirlet furnaces was made at Broken Hill, New South Wales, and proved satis** 
factory there. These experiences indicate that, while the Spirlet is theoretically a 
good furnace and may be made to work well, a great deal of care in introducing it 
must always be exercised. 

Notwithstanding the economic upheaval of the war, substantially the same con- 
ditions as formerly continue to prevail among European zinc smelters, and at present 
they show a strong tendency to revert to hand-raked, muffled furnaces, archaic as the 
thought at first sight may appear to be. For a good many years the standard furnace 
of this type in Europe was the Rhenania. This is a double furnace with long hearths, 
three high, the ore traveling them successively. In its latest development the dame 
flues passed under the lowest hearths and then ovrer the highest, the heat of the burn- 
ing sulphur itself being suffieieiit for the middle hearth. There w'as nothing especially 
novel in this type of furnace. Its distinguishing characteristics were the excellence 
of its masonry fit being built of carefully fitted tiling), the small height of its roasting 
chambers, and the smallness of its working doors, all of which prorfloted the exclusion 
of unnecessary air. Nevertheless, t he consumption of fuel was higher than was desired 
and the work of rabbling and moving fon^'^ard the ore was hard. Therefore this fur- 
nace was abandoned in several of the plants in Belgium and the Delplace was 
substituted. 

The Dclplaco furnace is simply a modern development of the old Maletra shelf 
burner, with the difference that the lowest shelf is rnufflefl and tin* air for roasting is 
preheated. The fire boxes are designed in the nature of gas produc(‘rs. The heating 
of this furnace may be described as being by semigas firing. The furnace is built in 
blocks of six or more units, which, of course, promotes heat conservation. The 
furnace unit is seven shelves, which are raked Irom the front. The* shelves are about 
ft. wide and about 6 ft. long. The blende in its downward course travels a dis- 
tance of about 41 ft. The roasting chambers arc low, being about only 0}^ in. high. 
The unit of a battery roasts about 2,200 lb. of blende per 24 hr. 

The first cost of the Delplace furnace is relatively low, hut the labor for operation 
is relatively high. The design of the furnace from the tijermal standpoint is excellent. 
Built in blocks, us it is, radiation is reduced to the minimum. With the small roasting 
chambers and openings into them the admission of unnecessary air is also restricted. 
The air for blende oxidation is preheated by the waste gases on th<ar way to the 
chimney. With these favorable conditions blende is roasted in the Delplace furnace 
with the use of only 10 per cent fuel, while the roasting gases leave the furnace with 
a content of 6I2 to 7 per cent sulphur dioxide. 
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With a fiimaee designed to keep the loss of heat by radiation at the minimum, to 
keep the use of excess air at the minimum, and to transfer the surplus heat from the 
combustion of sulphur from parts of the furnace where it is not needed to other parts 
where it is, blende should be roasted without the use of any extraneous fuel. It has 
been aimed to accomplish this by means of the Ord furnace, which is a muffled form of ^ 
the well-known Wedge furnace, with certain modifications, the latter being especially 
in the way of by-passing portions of the ore so as to equalize the sulphur combustion 
throughout the furnace. The Ord furnace received a preliminary trial at Cuba City, 
Wis., and was subsequently built for regular operation at the works of the American 
Zinc, Lead & Smelting Co. at Columbus, Ohio. So far the prospects for accomplish- 
ing the purpose look favorable, but, of course, this furnace has not yet passed the test 
of working satisfactorily over a long time. 

The development of the Ord furnace was hajmpered for a long time by trouble in 
obtaining stirring arms that would withstand successfully the high temperature of 
the furnace. Castings from some of the chrome-iron alloys possess the requisite 
strength and ability, but they are costly. The most favorable material is simple cast 
iron, but careful attention to its quality must be given. At Columbus the practice 
has settled down to cast iron for the arms in which the air makes the return circuit, 
and ferrochrome arms for those through which the air discharges into the furnace, 
these arms running hotter than the others with which they alternate. 

The material for the stirring arms is not only important in connection with the 
Ord furnace, but also in all others, such as the Merton and Leggo, which are develop- 
ments of the McDougall type. C\mRideration of this matter leads to a broad and illu- 
minating classification of mechanical blende-roasting furnaces. This is as follows: 

1. Those in which the rabbling mechanism is arranged to operate continuously 
and is contained entirely within the furnace. Such furnaces may be designed for the 
highest thermal efficiency, and, by virtue of the continuous operation of their rakes, 
the building up of hearth accretions is best counteracted. Furnaces of this type 
should roast with the minimum of coal consumption and the least use of labor. The 
chief drawbacks to them are the difficulty of maintaining the stirring arms and the 
tendency to make a high percentage of dust and deliver a dirty gas. The latter diffi- 
culty may be mas<.ere(l by putting the gas through a Cottrell treater. These adverse 
conditions heretofore have stood in the way of the McDougall type of furnace for dead 
roasting. 

2. Those in which the stirring mechanism is entirely comprised within the furnace, 
the stirring being effected by the rotation of the hearths, as in Ihe instance of the 8pir- 
let. These also are well-designed furnaces from the thermal standpoint. It is 
difficult to keep the stirring devices in order, however, and, as compared with the 
McDougall type, they have the further disadvantage of difficulty of access to the 
interior. Furthermore, the peripheral motivation is mechanically more difficult and 
more troublesome than driving from a central shaft. On the other hand, owing to 
the shallowness of their roasting chambers, they do not make so much dust, while 
they give a richer gas. 

3. Those in which the raking is ‘intermittent, as in the Hegeler furnace. Owing 
to the intermittency, there is more opening of doors — ^therefore both the thermal 
efficiency and gas strength are impaired. Also owing to the intermittency, there are 
opportunities for the building up of hearth accretions, the removal of which not only 
entails additional labor but also adds to the impairment of the cfiiciency of the 
furnace. 

4. Those in which the stirring mechanism is comprised only partially within the 
furnace proper. Such furnaces being necessarily designed with extensive openings 
to tlie external air, which can be but imperfectly sealed, or else being necessarily 
designed with large interior volume, are decidedly inferior from the thermal standr 
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but JUftchamcally are quite eupenor, therefore their upkeep i« relatively 
These furnaces, however, are either incapable of design in muffle form, or else the 
muffle form, which may be workable, is unsatisfactory. The Brown straight*line 
furnace has been muffled and the Rhenania furnace has been mechanicalia^ bdt 
neither of those attempts established itself in general practice. 

There are some furnaces other than the simple McDougall type which would 
into the first class and which have had limited use and continue to be so employed, 
fiuch are the Merton funiace and theLeggo (used at Risdon, Tasmania), which may be 
described as long, multiple-hearth, muffle furnaces in* which the ore is moved forward 
by a series of McDougall arms, the orbits of which overlap. These furnaces are 
fairly satisfactory thermally, l)ut not so satisfactory as the Ord or Spirlot. The 
stirring arms are characteristically difficult to maintain and it is also difficult to keep 
such a system in alignment in a long furnace 

No very great attention need iM given to the subject of furnaces for sulpliate 
roasting. With them there is no question of utilizing the sulphur gas for acid manu* 
facturc, for the object is to utilize the sulphur for sulphating wit Inn the furnace itself. 
As the operation is conducted at a relatively low temperature, there is no such trouble 
with stirring mechanism as in the fiirmices for dead roasting. Consequently, all of the 
electrolytic-zinc producers employ the modern McDougall furnace, or some modifica* 
tion of it, such as the Skinner furnace, which is used m Risdon in Tasmania. Of 
course, the ordinary Wedge furnace might easily be used for this purpose. 

Several modifications have been tried in blende roasting and others may bo. 
C. A H. de Saulles introduced coal in mixture with the blende to be roasted, with the 
idea of effecting in the roasting furnace the reduction of metallic oxides other than 
zinc — which can be done at relatively low temperature — and thus of relieving the dis- 
tilling furnace from doing that (‘iidothennic work and also minimizing the carbon 
dioxide resulting from such reductions, which climinishes the tendency toward forma- 
tion of blue powder. This modification was practiced for a tune at the works of the 
United States Zinc Co. at Blende, C’’olo,, where about 8 per cent of anthracite fines was 
added to the charge in the last stage of roasting, care being taken not to let the tem- 
perature rise above the critical point of zinc oxide. All of this is theoretically sound, 
but it is doubtful whether the advantages exceed the extra costs aqd ti’oubles. x\ny- 
way, the process has not spread. 

A more promising innovation in blende masting is to be found in the use of the 
1 )wight-Lloyd sintering machine, which has been proved to be a cheap and effective 
desulphurizcr, especially when following a preroasting in a furnace of ordinary type 
for reducing the ore to 8 to 10 per cent sulphur Blende can easily be burned autoge* 
nously dowm to that point, following which the Dwiglit-Lloyd machine can carry 
on, without further use of fuel, and deliver a product desulphurized to 1 per cent or 
less The product is moreover sintered, in which form it hat liecn proved, at Port 
Pine, South Australia, to be capaV^le of quicker .and more complete reduction and dis- 
tillation than with the ordinary loose charge, all of whi» h is in accordance with 
theory. A drawback to this method of blende roasting heretofore has been the 
inability to utilize the dilute sulphur dioxide gas from the Dwight & Lloyd machine. 
It has appeared recently, however, that such difficulty can be easily overcome by 
means of the Bchmiedel procesvS of making sulphuric acid, which seems to be able to 
deal with any kind of sulphur dioxide gas 

The Schmiedel process consists essentially in passinTg the gas through lead boxes 
of 7-cu, m. internal dimensions. The height of the box is just 1 rn. and this dimension 
is higlily essential. The box contains a bath of nitrated acid. .Just dipping into the 
bath are a senes of fluted rollers whicli are rotated in the direction of the travel of the 
gas through the box. The gas is introduced at one end of the box and is deflated 
downward by a water-cooled baffle plate. Passing under the latter it enters a rain of 
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acid introduced from the top of the box and then passes through a cloud of mist and 
drippings that is sprayed up by the rotation of the fluted rollers. With this severe 
exposure the sulphur dioxide of the gas is converted into trioxide and combined with 
water, producing sulphuric acid of about 78 per cent strength. The gas issuing from 
the box passes under a baffle plate at the outlet end and thence to a series of towers 
corresponding with the gay-lussacs of the ordinary chamber process. 

Therefore, blende roasting in the future will probably be done either with the Ord 
furnace, followed by Cottrell cleaning of the gas stream; or wiVh any good furnace of 
the McDougall type as a preroaster, followed by Cottrell installation, and Dwight & 
Lloyd apparatus as finisher, with both the preliminary and finishing operations deliver- 
ing their gas to Schmiedel boxes for acid manufacture. Development along these lines 
is already well under way. Of course, it is possible that the poor Dwight-Lloyd gases 
may be led back into the preroasting furnace, in which their surplus of air will serve 
as the oxidizing agent. However, this idea is as yet untried in practice. 

Distilling Furnaces. — Distilling furnaces of many designs are in successful 
use at present. It is even difficult to classify them and the following effort to do so 
differs from any other classification. 

In the first place a distinction will be made between the method of heating and the 
metallurgical type, which is roughly equivalent to distinguishing between the inferior 
and the superior structure. Confining the attention for the moment to regenerative fur- 
naces — and the modem furnace is almost necessarily restricted to this class — they may 
be either the countercurrent regenerative or the reversing regenerative. The latter 
may have regeneration for both gas and air or for air alone. The checkerworks may 
be arranged longitudinally, or transversely. In the laboratory, or combustion cham- 
ber, of the furnace the flames may rise vertically, leap over the middle wall, and 
descend on the other side, or they may reverse from end to end of the furnace, traveling 
longitudinally and horizontally. They may issue from ports in the middle wall. 
This is mainly a problem of efficient combustion and equable heating. The desiderata 
are a temperature of 1300 to 1550°C. around the retorts, as nearly even as possible, 
and a combustion product escaping to the chimney at only 200 to 300®C. as it 
leaves the furnace.^ There are designs, such as the Welzer (Overpelt) and Neureuther- 
Siemcns, thiit permit a ton of ore to be distilled with as little as 0.9 ton of coal. The 
best of the countercurrent furnaces and the Hcgeler furnace so extensively used in the 
United States, in which the heat recuperation is effected through the medium of a 
waste-heat boiler, cannot equal that figure. 

Metallurgically, distilling furnaces may be classified as Belgian, Silesian, and 
Rhenish. The distinguishing features are comprised within the superior structure, 
which may be combined with different forms of the inferior. Thus, a Rhenish top may 
be put upon a countercurrent regenerative base or upon a reversing regenerative base, 
or, indeed, the base may be simply designed for direct firing. The real difficulty is 
encountered in drawing a sharp definition among the tliree metallurgical types and 
especially between the Rhenish and .the other two. This difficulty is not unnatural, 
considering the history of the types. Originally, there were only two types of distilling 
furnaces, the Silesian and the Belgian, which were quite distinct. Later there was 
developed a compromise, known first as the Belgo-Silesian and later as the Rhenish. 
Being a compromise, in which ideas were adopted from both the prototypes, the char- 
acteristic features of each were not everywhere borrowed to the same degree, and con- 
sequently there has always been some uncertainty as to just what constitutes the pure 
Rhenish type. The following is a generalization of the characteristics. 

The Rhenish distilling furnace possesses a combustion chamber in which are 
suspended three double rows of retorts, so that the flames can circulate around all of 
them. The furnace has two facades, or fronts, and is roofed by a single arch springing 
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from the top of one front to the other. The support Of the inner ends of the retorts is 
characteristicElly a vertical latticework of refractory blocks, but may be a middle wall, 
with ledges, as in the Belgian furnace. The retorts have the cross-section like a obaiti 
link, and are about 7 in. wide and 12 in. high inside at the maximum. The condensers 
are larger and longer than in the Belgian furnace. The front of the furnace is divided 
into closets completely enclosing the condensers, one closet comprising six condensers^ 
The closets are subdivided by three horizontal shelves, which have holes through which 
the residues raked outbf the retorts are dropped into pockets below the working floor. 

As thus defined, the Rhenish furnace has the main design of the Silei^n, and 
obtains much of the economy of the latter in labor and fuel, but it has the suspended 
retorts of the Belgian, giving the advantage of better heating. The dimensions of the 
retorts are a compromise between those of the Belgian and the Silesian and are as 
large as is consistent with the successful treating of high-grade ore, for reasons pre- 
viously stated, and as long as will pefmit the load safely to be sustained. The retorts 
themselves are not a distinguishing feature of the Rhenish furnace, liowover, for the 
same retorts may be used in a Belgian furnace without destroying the distinct 
characteristics of the latter. 

It has been mentioned that in Upper Silesia the Rhenish furnaces exhibit strongly 
some of the characteristics of the Silesian furnaces that preceded them, and oppositely 
in Belgium. Even in Rheinland and Wcstphalia,where the type originated, there have 
always been leanings one way or the other. Thus in some works, using retorts of the 
maximum height, the condensers are left in place during the maneuver, the residuoa 
being withdrawn from under them and the charging being performed through them, 
after the Silesian fashion. In other works using retorts of less height, such practice is 
impossible and the condensers have to be taken down according to the Belgian habit. 
In such respects, therefore, tlie Rhenish furnace offers no distinguishing feature. 
There are special funiaccs, such as the Ferraris and the Ruck, which are even more 
difficultly classified. These have middle walls with ledges, deep embrasures, but not 
so deep as in the pure Rhenish furnace, and three mws of large retorts. They are, in 
fact, something between the Rhenish and Belgian, or it might be said that they are 
simply Belgians with three rows of retorts after the Rhenish fashion. 

The Belgian furnace itself has undergone great modifications whi«h have l esulted in 
some confusion of description. The American zinc smelter in speaking of the Belgian 
furnace means the small, direct-fired blocks installed at Pittsimrg, Knn., and vicinity 
about fifty years ago, which were aliaiidoned about ltK)l but vv<*rc us(‘d again, ephemer- 
ally, during the war. The gas-fired furnaces used in the more modern plants he calls 
“Hegelers” or “Siemens.” A correct dcHcriptioii would be “Old Belgian,” “Hegeler- 
Belgian,” and “Siemens-Belgian.” The Hogeler-Belgiaii is simply a \ery high, gas- 
fired Belgian, turned over on its side. The Sioniens-Belgian is an elongat(‘d Belgian, 
which was rendered possible by its method of gas firing. Besides such modifications 
the Belgian furnace may be equipped with cither cylindrical or elliptical retorts, or 
oven the large retorts employed with the Rhenish furnac(‘H. Tlius, the last were 
installed in the original Hieniens-Belgian furnaces in this country, after the type of 
Auby in France, but their use did not endure. 

The distinguishing features of the Belgian furnace are the use of rather small 
retorts, arranged in four or five rows, each retort bridging from front wall to back wall 
(or middle wall, in a double furnace) — ^but especially in the design of the front walls. 
These are thin, being scarcely more than sufficient to support the front ends of the 
retorts. Outside of the front walls the structure is supported by an iron devaniure of 
only small depth, the main function of which is to brace the furnace, while the hori-- 
zontal shelves merely support the condensers and aid in clearing out the retort residues. 
Thus the front of the furnace is latticed off in a series of shallow pigeonholes instead of 
the deep closets of the pure Rhenish furnace. 
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The diffeninces in fronts create a ratber important dilferenee in metalliirgieal 
operadon. It was customary formerly to deplore the necessity for making^ the front 
wall of the Belgian distilling furnace so thin, which it was thought resulted in a terrific 
waste of heat by radiation. It was learned, however, from thermal computations, 
that this radiated heat was necessary in order to keep the condensers at the proper 
temperature. These computations received an illuminating confirmation in some 
electric-furnace smelting when it was found necessary to arrange an independent fire 
under the condenser. In the Belgian furnace the condensers project directly from the 
front wall of the furnace, and it is more difficult to regulate their temperature than it is 
in the Rhenish furnace, in which they are enclosed in closets, which often have adjust- 
able, sliding doors in their fronts, causing the condensers to be in compartments which 
are really a part of the furnace. 

However, as has been previously indicated, there are all kinds of departures from 
typical Rhenish design and practice. Thus, at Blende, Colo , the furnaces built 
originally as Welzers f Overpelt- Rhenish) were greatly modified later. While these 
furnaces have the deep closets, they came to be divided by iron plates instead of fire- 
brick tiling. The condensers fitted fully into the mouths of the retorts and, of course, 
had to be taken down during the maneuver. The discharging at Blende was even- 
tually done by means of a machine, which demands free access to the retort, anyway. 

Descriptions in detail of all the forms of distilling furnaces that had been 
constructed, and even of those that remain in use in Europe, would be tedious and 
useless. It appears almost as if every works metallurgist considered that he must 
design his own furnace. In the United States there has been much less originality, 
and consequently more uniformity. The following descriptions of furnaces in use will 
be confined to those that may be considered the standard forma. 

In the United States the first distinction may be lietweeii the furnaces fired with 
natural gas and those that are fired with producer gas. All of them are Belgians. 
The natural-gas furnaces are mainly of the Hegeler type, i e , long furnaces in which 
the course of the products of combustion is longitudinal. The furnace is so piped, both 
for gas and for air, that the introduction thereof into the combustion chamber is dis- 
tributed through ports through the pillars of the front, usually through every alternate 
tier. Thus a fair>y equable distribution of heat is effected. Originally, these furnaces 
were built with an arrangement of reports five rows in height. Occasionally, there were 
six-high furnaces, but they were rather rare, for their uppermost row was too high to 
be charged from the ground. The recent tendency has been to reduce both the six- 
row and five-row furnaces to four rows. A great many five-row furnaces survive, 
however. The five-row furnace usually has about 30() retorts per side. A four-row 
furnace may have the same number by being built a little longer. 

A first use of natural gas in zinc distilling in the United States was in Indiana, 
where the furnaces were of the original Belgian type, and the natural gas was intro- 
duced at the bottom of the furnaces. Those works long since passed out of 
existence, but the works at Uheriyvale, Kan., which continue in operation, were built 
with smaller but improved fumaceg, and those continue in use. At Cherryvale the 
small furnaces are set end to end in triplets. Therefore, they have all the advantages 
of a long furnace in matters of mechanical operation, i.c., continuous tracks are laid 
in front of them and the charging and metal drawing is done with the aid of cars, the 
three furnaces of a series being handled as a unil. In other words, the handling is 
just the same as if the ordinary long furnace were cut in three parts. 

The labor upon natural-gas-fired furnaces is, of course, leas than upon coal-fired, 
as there are neither coal nor ashes to be handled. In the distillation of the ordinary 
roasted Joplin blende the consumption of natural gas is about 40,000 cu. ft. per ton of 
ore. 
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If ooal IB to be used for heating the distilling fumaoeSf no one wouM nowadays 
think of using an3rthii]g but gas finng for the production of the gas m standard 
gas producer, suitable to the particular coal which niay be used. Thus the BwindeQ* 
Duff, Hegeler, Morgan, Taylor, Chapman, and Hughes producers are in eommon ussv 
The distilling furnace itself is bound to be recuperative The heat leouperation way 
be by means of the reverbing-rogenerati\o system, the oounteri urrent system^ or by 
stoamrboiler attachment At the works of Ihe New Jersey Zinc Co at Palwerion, 
Pa , there were a considerable number of Convers-dc Saullos furnaces, which were 
counter-current recuperative They were an excellent development of the type. So 
also IS the Schmidt & Desgraz, used in Europe These furnaces at l^almciion have 
been recently displaced b> the reversing regenerative U pe PXirnacos of this type give 
equable temperatures in then combustion chninbcis, but ihej arc of inferior thermal 
efficiency and the maintenani o of their flue svstenib is more or less troublesome No 
extension of the use of tliib type of furnace is to be antnipated — at least not in the 
United 8tates 

The majority of the smelters of the United Stales who use coal as fuel employ the 
Hegeler furnace This is the conventional long furnace, with four or five rows of 
retorts, into which the gas is turned at one end and is burned bv the gradual introduc- 
tion of air from a central main, with branches coming down in front of some of the 
pillars of the furnace front, the air being delivered under pressure Even so, there is 
apt to be a gradual decline in temperatuie towaid the outlet of the furnace, especially 
if the length of the furnac e bo exr ossive, for the gas within the combustion chamber is 
constantly becoming more and inort diluted ’with products of (ombiistion and conse- 
quently less active The tail end of the furnace is, therefore, the cook*r part and it is, 
consequently, a common practice to recharge blue powder alone into the retorts of 
that part. 

Because of the irregularity of temperature the zinc extiaction in distillation with a 
Hegeler fui nace ib probably a litl le inferior T he rinally, 1 he furnace alone ib decidedly 
inferior, owing to the absence direct meansforheat rec upeiation It is the common 
practice, however, to convey the esc aping gases fro ml he furnace through steam boilers 
Therefore there is, in fact a lecuperation of heat tlirougli the medium of steam 
How thib compares with leciiperation through the medium of tiir in a reversmg 
regenerative furnace may be deft rred until after the latter has been described 

At three works in the United States, tfiz , I*eru, Depue, and Rose Lake, Biemens- 
Belgian furnaces are used These are long furnaces with an arrangement of retorts 
similar to that of the Hegeler fuinaces, but commonly the Sicmens-Belgian furnace 
has about 400 per side In the base of Hit massive there an four regenerative 
chanibeis, filled with brick checkerwork, and extending longitudinally for the entire 
length of the furnace The combustion chamber is divided by the conventional 
middle wall, with ledges, of the Belgian furnace, but it does not rise to the arch The 
arch springs fiom the top of one ficc^-de to the top of the other Originally, the gas 
and air were admitted through ports undei the lowest row of retorts, but in later 
forms of this furnace, bometimis known as the Neurouther-Siemcns, the channels are 
extended upward through the middle wall so that ga^) and air may be admitted through 
ports under some of the higher rows, a better distribution of the gas and air being thus 
effected In operation, the gas and preheated air aie introduc ed through alternating 
ports of one side of the furnace, and in burning the flames rise between the retorts, 
leap over the top of the middle wall, and descend between the retorts of the other 
side, escaping through its ports and thenc e through the regenerative chambers of this 
Side, which are thus preheated At intervals of 30 min the direction of the gas cur- 
rents IS reversed. In these furnaces the temperature is fairly equitable. The two 
top rows of retorts run a little cooler than the three lower rows, and into them the 
blue powder is charged, but it is a common practice to mix some ore with the blue 
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powder and other between-products The Stemens-Belgian furnace has all of the 
mechanu al advantages of any other long furnace It has a high thermal efficiency 
Even with the poor bituminous coal of Illinois the distillation of a ton of roasted Jophn 
ore IS effected regularly with a ton of coal, and m the best work with as httle as 0 9 
ton of coal 

The American Zinc , Lead & Smelting Co has two smelteries in close proximity 
in Illinois, VIZ , Rose Lake and Hillsboro, which are operated under similar conditions 
Rose Lake has Biemens-Belgian furnaces, while Hillsboro has iiegeler furnaces with 
steam-boiler attachmentt' These two plants therefore affoi d an excellent comparison 
of the f oal ( onsumption of t^ie two types of furnac cs In order to make a comparison, 
each plant is debited with the amount of coal that has to be used for generating steam 
for power purposes, etc 

Rohf Hili m 
La&f boro 

1 umace fuel 1 00 1 60 

Power and ste tin 0 50 0 10 

Hegelcr furnaces at other works give similar quotients of coal consumption Taking 
the requirements for stc im into consideration, the Ilegeler furnace is not so greatly 
infenor to the Siemens- Belgian is would appeal at tirst sight It may be (oncluded, 
however, that it is something like 0 3 to 0 4 ton of coal p( r ton of ore worse than the 
Hiemens-Belgian furnice and is somewhat mlciior in the nntter of zinc extraction 
On the other hand, the first cost of Siemens- Bel gum furnace is much higher than 
that of th( Hegeler ind the cost of upkc*cp is also higher 

In Europe a great many forms of old distilling funia( as survive In Belgium there 
are still some of the old Belgiin t>pe In Upper bilesia there iie some of the old 
Hilesian type The newer furnaies are generally of the Rhenish type The latter 
weie first developed in Rheinland ind Westphalia and were originally described as 
Belgo-t>ilesjan In going over to the Rhenish t’vpe the Belgians give it their own 
colonng, so to speak nn<l likewise do the Silesians With both of them, however, 
it IS essentially the *?ainc furnice In it there art a good many works variations, but 
the most approved form at the pre ent time is a reversing regenerative furnace with 
four checkerworks in the infenor structure two for gis and two for air These are 
arranged qunrteiwise ? c , then is a pair of checkerwoiks for c ich end of the furnace 
instead of for each side, as in the Siemtns-Belgians of the United States Conse- 
quently the course of the flames in the Rhenish regenerative furn ice is endwise instead 
of sidewise 

Theie are no suitable meins for comparing tin thermal efficiency of these two 
forms of furnace as there are no works in which the two havt been in operation under 
closely paialld conditions A plant of Overpelt- Rhenish furnucs was built and 
operated for a great many yc irs at Blende, Colo With these then was attained a 
low quotient of coal consumption, which was ibout 09 a figure identical with the 
best results with the Siemens- Belgiap furnaces However Blende was operated on a 
different ore and with diffeient coal from Depue 

Anvwn\ the thermal efficiency of the Rhenish regenerative funiace is high 
Eulenstein computed^ the following heat balance of a Rhenish distillation furnace 
with Siemens regenerators 


1 Mitoaurgic 9 (1012) 32S a>3 396 



METALLURGY OF ZINC ANB CADMIUM 


1200 


Debit 

Per 

cent 

Crcnlit 

Per 

cent 

Producer gas. . 

90.94 

Heat in waste gas 

50. $6 

Sensible heat in charge 

0 IB 

Heat in residue 

2.67 

Burning of carbon 

8.74 

Heat in spelter 

0.45 

Sensible heat in new retorts 

0.14 

Heat in gas from condensers. 

2.76 



Endothermic reactions 

10 96 



Sensible heat in duscarded re- 




torts 

0.19 

1 


Loss 1)3" radiation and conduction 




by diffen'iice 

1 32.12 


100.00 


100 00 


Although the heat used for the endotherinie reactions was only 10.90 per cent, the 
heat in residue, spelter, condenser gas, and discarded retorts, was exercised usefully, 
])eing inherent to the process. The total utilization of heat was, therefore, about 
17 per cent. While that is very much inferior to utilization of heat in a steam Iwiler, 
it does not compare unfavorably woth the utilization of he'at in its transformation to 
mechanical power by means of steam boiler and engine. It must be remembered 
also that a part of the heat that is itemized as being lost by radiation is, in fact, required 
for maintaining the condensers at the proper temperature. It .should be recognized, 
therefore, that the modern zinc-distilling furnace is not a discreditable metallurgical 
agency, although it may be freely granted that the old Belgians of the early days of 
zinc smelting in the United Stales, with columns of flame belched high by their 
ehimney.s, were quite disreputable, albeit picturesque. 

Although the firing of distilling furnaces is mainly oonfined to the use of producer 
gas or natural gas, or perhaps in h^urope to occasional relics of direct coal firing, the 
use of carbonaceous fuel in other w'ays is possible and in a few instances is practiced. 
The use of the waste gas from by-product coke ovens has often been suggested in zinc 
smelting. This is, of course, feasible, without any difficulty whatso(*ver. It has, 
indeed, been done by the Societil di Monteponi at Vado di Ligure. In general, how- 
ever, by-product coking plants occur in regions w'here there is inor(‘ pnifitable use for 
their waste gas. The erection of such a plant for zinc-smelting purpc)S(‘S primarily is 
economically impracticable, for the coking plant will be considerably larger and more 
expensive than the zinc plant. In the coal fiehls of Mexico a uni(|ue condition exists 
in an extensive market for coke without there being any nnrkel for gas. The Ameri- 
can Smelting & Refining Co. has taken advantage of this situation and has erected 
a zinc distillery to be fired with the wa.ste gas 

It is possible to heat zinc-distillmg furnaces by the combustion of powdered coal, 
although there would probably be great difficulty, if not impossibility, in applying 
coal in that form to regenerative furiiaees. This method of firing has been intro- 
duced and practiced, however, at the Cherry vale works of the Edgar Zinc Co. The 
furnaces at this plant were originally designed for natural gas, which subsequently 
failed in supply. Powdered coal was then substituted, the coal suspended in the 
stream of air being introduced through the pipes that formerly carried the natural gas, 
with but slight modifications in arrangements. 

Petroleum also may be used for firing the distillation furnaces, which has also been 
done at Chenyvale, Kan., and is now done at the works of the BocietA di Monteponi 
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at Vado di in Italy. The furnao<% in use at the latter place were designed by 
Knnmio Ferrans and are unique m that they have regenerative chambers for pre- 
heating the air alone, the gas being delivered to the furnaces with the maximum of 
sensible heat when c oal firing is employed, whieh implies setting the producers as near as 
possible to tlie funiaces and minimizing the loss by radiation between the producer and 
furnaces. In the latest designs petroleum may be substituted for producer gas or 
c>oke-ovcn gas, and it is possible to change immediately from oije of these fuels to the 
other. 

It IS possible that the Ferraris furnace, which is ingeniously and intelligently 
designed, might be used for either producer gas, petroleum, or powdered coal. How- 
evei, in order to have such latitude, a regenerative furnace would probably have to be 
designed with clieckerworks or count crcui rent flues for heat recuperation through the 
medium of air alone, as is the design of the F/^rrans furnace Undoubtedly, the 
design of this furnace has a good deal of merit, but its use has not spread outside of 
the works of the Societi!tdi Monlcponi 

The elcctrothernnc furnace need not occupy much attention, for as yet it has come 
into use only on a nlatively Rmall scale m Scandinavia Theoielically, the electric 
furnace is bound to ( onfomi to the same metallurgical principles as the coal-fired 
furnace, with the practical differenre that heating of the charge can be arranged 
internally instead of exiernally The whole furnace may then become the retort and 
it IS possible to mciease very greatly the size then»of as compaied with the retort that 
must be heated externally, with all the physical and mechanical limitations that 
obtain with respect to the latter c ondilioii 

The theory, as outlined above, is best exemplified by the electrotherm ic furnace 
and method of Dr ('. II Tulton, in which the ore and the caibon are mixed and 
pressed into small blocks, which are piled m a column upon the furnace hearth A 
cylindrical boll, properly lined with refractoiy and non-hcat-conducting material, is 
then dropped over the column, connection is made with the condenser, everything is 
made gas-tight, electiical connections are made, and curient is passed through the 
column of charge, which heats by virtue of its resistance When the distillation is 
eompletod, the boll is lifted and the lesidue is leniovcd. W^hile distillation is going on 
in one bell, ariothoi'ono is being made leady 

The Fulton procc»Hs is, therefc^re, exactly the same as if distillation were 
being conducted in an ordinary retort set vertically and arranged for internal heatmg 
It conforms absolutely to the theoietical conditions that cause zme reduction distilla- 
tion to be a two-stage pnicess The arrangement of the chaige as a column of 
briquettes obviatc^s the difficulty respecting egress of gas and vapor that is expe- 
rienced with a eoliimn of loose chaige It giies, moreovcT, the advantages, — which 
are many — of a very dense chaige The Pulton piocess has given excellent results 
m expeiimental work It has not yet bc'on commercialized — ^it probably awaits an 
adequate inc'chanicali/ation 

All other eleetrothermic methods and furnaces have been m the field of zme-lead 
smelting rathc^r than of zme snudting propei, the purpose being to treut mixed ores and 
obtain both /me and lead as metals m n continuous process, scorifying the gangue 
and drawing it off as slag The furnace is essentially only a box or coverc*d pot, mto 
which electrodes aie introduec^d. The latter may dc\clop heat by arcing between 
them, as in the original De Di\al furnace, or by convc} mg curient to the bath of molten 
slag, which then becomes a resistor. Or the eloetiodes, not quite touching the slag, 
may lc»t their current arc to the slag, giving the arc-resistance furnace. There has been 
a great variety eff designs, and m the handling of them there is an infinity of detail. 
The subject has been treateni recently m a Bulletin of the U. S. Bureau of Mines on 
“The Eleetrotheimic Metallurgy of Zme,” by B, M. O^Harra The governing pnnci- 
ples will be discusses! later lu this work 
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Accessory Apparetus and OpenrtioiL — While blende roasting and the ct(a<ilia« 
tion of the calcined ore are the two main steps in the art of ainc smelting, tiieie 
are many collateral things to be done, involving the use of a good deal of aocessoky 
apparatus and many supplementary processes. The ore and coal have to be 
crushed and mixed, the retorts and condensers have to be made, and there is a 
variety of apparatus for charging and discharging the retorts of the distilling fur- 
nace, drawing the m^tal, mixing and refining the metal, etc. 

For crushing the ore and coal any of the standard machinery for those purposes is 
sufficient and no description of it is necessary. The quantity of such material to be 
handled annually is relatively small, even in a zinc smeltery of great spelter output. 
Consequently, no groat attention is devoted to this liranch of the work and the 
crushing machinery that is used is apt to be of rather inferior tvpo. A large proportion 
of the blende concentrates now ariivc m such a state of fmeness that no crushing is 
necessary. 

For reduction material a wide variety of coals, short of straight bituminous, is 
used. Ordinary bituminous coal would be unsuitable, owing to its high percentage of 
volatile matter, it being undesirable to distil too much hydiocarhon in the zme retorts. 
Bituminous coal, however, may be cindered or partially degasified, and then used, 
though the writer does not know of this being done in Amenean pi notice. Amencan 
smelters commonly use ‘Mead coal,” which is bituminous partially degasified by 
nature, semianthracite, Pennsylvania anthracite, coke, or a mixture of coal and coke. 
Whatever be the reduction rnatt^nal, it is desirable that it be low in ash and free from 
sulphur. 

The mixing of ore and reduction matenal used to be done by hand in front of the 
furnaces. Then it became the practice to do it in a special mix hous<‘ where a screw 
conveyor was made to serve as the mixer. Latf‘r mixers were intioduced similar to 
those used for mixing concrete, which need not be described. European smelters still 
make extensive use of the Vapart mill, i\hich is a centrifugal coinmimitor and mixer. 
In modern practice, zinc sinelteis ali^avs prepare their eliarge by mechanical mixing. 

The mantifacture of retorts and condensers requires a special factory, or pot- 
tery, as it is called, within tlie plant In this the retorts and condensers used to bo 
made by hand, then with the aid of rude machinery, and finally it became me- 
chanicalized throughout The selection of clay is a matter ot great concern. Usu- 
ally it is obtained from only a few places which have been proved by experience to 
afford the desired quality. American smellers use nothing but Cheltenham clay, 
which is dug in St liOuks, Mo. Ulay arriving at the works in ground and then is 
generally allowed to weather, whicii improves its plasticity. Then it is ground 
again, wet, in edge runner mills. Raw chiy and burned clay (called “gro«” or 
chamotte") are mixed in certain proportions, say half and half, producing the 
batch, so called. There may be introduced in the batch a certain proportion of 
old material, coke and silica -reground The use of coke, up to 10 per cent, is 
general and desirable. It improves the density of the retort and its ability to 
withstand corrosion, and counteracts the formation of zinc spinel. Silica is 
added only if the ore to be distilled has a siliceous garigue, as such a gangue makes 
the wall of the retort most resistant against attack and increases the heat con- 
ductivity. In the distaiation of Joplin blende the siliceous retort is excellent. 
For an ore with a basic gangue, of course, it should not be used, but rather a more 
basic clay. 
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The prepared batch goes to the pug mill, where it is thoroughly kneaded. The 
sausage from the pug mill is cut up and transferred to a hammering machine, in which 
it is consolidated into a ballot. The ballot goes to the hydraulic press. This system 
of making retorts was first introduced in Belgium. In borrowing it therefrom some 
American smelters omitted the hammering machine as being unnecessary. That 
may be so if the clay be very thoroughly densified by a pug mill. If this is not done 
any air remaining included is bound to impair the retort. Its ^effects may appear as 
blisters on the latter as they issue from the press. 

The standard forms of press are the designs of Dor, a Belgian engineer. The ele- 
ments of one, the more common, form are a heavy steel cylinder within which operate 
two concentric pistons. With both pistons down, the ballot of clay is thrown into 
the cylinder, the top of the latter being swung to one side. The top is then closed and 
the two pistons are moved \ipward together in ordf r to press the clay into the top of the 
cylinder. The inner piston which forms the interior of the retort is then moved 
upward, while the outer piston moves downward. The top of the press is finally 
swung aside and the outer piston is moved upward, ejecting the retort through a die. 
The retort having emerg(‘d to the desired length, it is cut by means of a wire and 
received into an appropriate holder, wherein it is transferred to the drying room. The 
forming of the rcttirt occurs under a pressure of about 200 atmospheres. 

In another and curlier form of the Dor press the clay is fed into the bottom and is 
pressed through a die, the mandril of which is supported by a spider. The top of the 
press is closed and locked. The clay is pressed against the top, forming the butt of 
the retort. The top is then swung aside and the clay is forced up through the die, the 
butt having been previously made. 

American zinc smelters commonly use the Wettengel and Simmonds presses, which 
are of American design and manufacture and possess many excellent mechanical 
features, but, essentially, they ore the Dor press, Simmonds following the earlier form 
and Wettengel the latter. 

In Europe, wh(‘re the condensers are larg<*ly of the Rhenish and Silesian types, 
they are still manufactur<‘d generally liy hand. In the United States, where nothing 
but the Belgian condenser of a simple conical form is used, the manufacture is now 
invariably by ma(Munes. The machines commonly used are the Garrison- Whipple 
and the Stafford. BolJi of these machines are similar in ])rinciple as well as in mecha- 
nism. They have molds of the exterior shape of the condenser supported vertically on 
a carriage, which can be revolved around a central axis. Each mold having been 
filled by a ball of clay passes in turn under a plunger shaped similar to the interior of 
the condenser, which is mechanically forced down, forming the clay. The condensers 
thus formed are removed from the molds and allowed to air dry from one to three 
days, after which they are trimmed. Sometimes they are l(*ft and used in the simple 
conical form. Sometimes they are “crimped,” the larger end being contracted by 
pushing it into a sheet -iron form or ring, about 6 in. high. This crimping reduces the 
larger end of the condenser to the size of the mouth of the retort and also produces a 
bellying of the cent ral part. 

Both retorts and condensers must be carefully dried and finally burned before they 
ai-e put into use. The retorts are dried slowly in hot rooms, in which they should 
remain for at least a month, but the longer the better. In American practice six weeks 
is a common time for seasoning, but even that is only a moderate time. Condensers 
are dried on shelves in open nuuiis for only a few days, following which they are baked 
for about 18 hr. in a kiln at a temperature of 900 to 1000°C. The seasoned retorts 
are taken as required from the dry moms to the annealing furnaces adjacent to the 
distilling funiact's, in wdiich they are baked at a temperature of about 800®C. for about 
12 hr., the entire operation of loading, baking and unloading taking about 24 hr. 
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From the annealing furnaces the retorts are taken red hot to the dwtilling fumaoes, in 
which they-are inserted in place of the drfective retorts that have previously been 
removed. 

Various mechanical devices for facilitatinf; the work in connection with the 
distilling furnaces have been introduced. Practically all furnaces have now one or two 
tracks in front of their fagadejs to permit the operation of thebe devices. The simpler 
devices comprise a chyging car, which is drawn down along the front of the furnace 
and from which the charge is taken directly for shoveling mto the retorts. The blue- 
powder charge is, however, accumulated and spread out on the floor in front of the 
retorts in which it is to be put in the old fashion. The ladle, or kettle, into which the 
spelter is to be drawn from the condensers is carried on a truck, and is so adjusted 
that it can be raised or lowered. This truck is designed, moreover, with a shield to 
protect the metal drawer fnim tlje heat of the furnace along which he works. 
Similarly, another truck with a shield, and with rollers, crirresponding to the rows ot 
retorts, for support of the rabble is used in the work of w ithdraw ing residues. 

The withdrawal of residues is still done by hand by rabbles in a good many works. 
If the residue has slagged and become sticky, this is the only way of getting it out. 
When the residue is essentially dry, as it is ordinarily in the distillation of simple Joplin 
blende, it may be blown out by introducing an iron pipe eonneefed with a hose and 
letting a little water issue from the end of the pipe, which is introduced in the retort 
about as far as it will go. The water is immediately converted into steam with 
explosive effect, which blows out the charge. 

A good deal of attention has been given to the development of mechanical charging 
and discharging machines. Of the former there are two principal forma, viz., the 
Saeger and the Dor-Delal tre. The Saeger introduces the charge into the retorts tier 
by tier by inserting into the retorts devices on the principle of the screw conveyor and 
screwing the charge in. The Dor-Delattre machine throws the charge in by centrif- 
ugal force. 

Among the discharging machmeb are the Saeger, the Simmonds, and the Rissman. 
The Saeger machine works on the same jirmeiple ns the cliarg(‘r, but oppositely. The 
Simmonds machine introduces mto the retort an endless rabble working over a 
sprocket. This is practicable only with a retort of considerable h<*!ght, at least like 
that of the Rhenish furnace. 

The several charging and discharging machines are practicable and have been 
introduc(*d in numerous works, but in spiti* of some obvious advantages their use has 
not spread, owing to certain disadvantages, which may not be mlierent m the machines 
themselves. Mechanical charging without doubt permits the denst'r loading of the 
retorts and more regular loading, i.r., the cliarge per n*tort is not only put in to the 
maximum capacity but also all tlie retorts of the furnace are charged more nearly 
alike, both highly important consideratioiiK; moreover, there is certainly a saving of 
labor in the direct w^ork. »Siinilarly, m the use of mechanical dischargers there is a 
saving of labor and the retorts may be cleaned out better than by hand. All of these 
are important advantages. The disadvantages are that the machines are necessarily 
complicated and cumbersome and of large first cost. The common arrangement of 
American works, in which the distilling furnaces are set in parallel, is an obstacle. 
This involves a good deal of moving of the machines in order to get the charge, to 
shift from one to another, et<‘., and such handling is likely to offset all possible advan- 
tages. If the distilling furnaces be set end to end, as in European practice, it is 
easier to operate the machines down the line and to provide for mechanically filled 
supply hoppers near the several furnaees. In Kuropean practice, however, there is 
not the same incentive to mechanicalization as in AmcTiea, owing to the relative 
cheapness of labor there. The present status of mechanically charging and discharging 
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may, therefore, be summed up in the words that the operatiotia are mechanically poatel 
ble, but America, for physical reasons, cannot economically apply them, and Europe 
for economic reasons does not need to 

Zinc-lead Smelting. — Until about twenty years ago zinc distillation was 
conducted purely as a method of extracting zinc The zinc distiller did not want 
to have lead in his ore and penahzed it. This aversion still continues, to a modi- 
fied extent, among zinc distillers pure and simple. With the advent of the great 
supphes of Australian ores, and other ores of similar nature, the zinc distillers of 
Europe, and especially of the Continent, overcame their dislike for lead, and, 
indeed, began to demand its presence to an extent of about 6 per cent as a minimum. 
Zinc smelting in Europe was, therefore, put practically upon a zinc-lead ba&is. 
The same thing was done by numerous smeltto m the Umted States, but not to 
the same extent as in Europe. 

It was formerly thought that lead was objectionable m 7mc ore from the standpomt 
of destruction of the retorts, but analytical examination and consideration showed 
that such action was not to be feared The real objection to lead is that it contami- 
nates the spelter, but that is no very serious ni ittcr Indeed, many galvanizers and 
rollers of sheet want some Ic ad in their spelter and inasmiK h as they buy spelter while 
the smelter buys zinc the lead ( ontent of the speller is clear gain to him If, however, 
too much lead goes into the speltei in iddition il piocess, t iz , refining, is necessitated 
and the smelter docs not want to irieui tint unless it bo worth while The zinc 
smelter, therefore, chooses between the alle m itiv( s of re 1 itivcly little lead in the ore or 
else a good deal, an inteimediate lead c ontcuit be mg nu rely troublewime 

Lead is volatile, but its volatih/ation point (about 1500°(^ ) is so much higher than 
that of zinc (about 920°C^ ) lint fiaction il distillation of the two metals is easy The 
temperature m the re toit does not ittaiii that of the boiling point of It id Neverthe- 
less, even at 1100®C’ a proportion of k id is volatilized and entrained with the zinc 
vapor, condensing with th(‘ spelter. '^Ihe Ingliei the temperature of distillation the 
more lead is vola^ili/od and entrimed, ind the lead content of a spelter is a rough 
index of the temperature at which disiilltd At a gi\en tomperatuie the pioportion 
of lead that is distilled is higlie r w ith an ore e ontamiiig but little lead than it is w ith one 
that contains a good deal It follows from this that, in oidi r to make a spe Iter that is 
lead-free, or ne arly so, by direit distillation, the ore also must be le ad-fret', or nearly so 

If the zme ore bo argentiferous anel plumbiferenis a peution of the silver is dragged 
over with the load, but that is probabh a mcehanual entrainment te) a considerable 
extent It is certain that if zme anel lead distillation be conduetod under the severest 
conditions as t^o tempeiature, as in e lee trie -fiini lee smelting, to which reference will 
subsequently be made, no ineire of the silver anei gold present in the oio will be volatil- 
ized than in ordinary eeipper blast -fuinae e smelting if tlieie be a sufficient formation of 
copper matte tei collect and re^tam the pri cious me tals 

In distilling an argent ifeious and plumbiferous zinc ore some of the silver and lead 
go over into the spelter, as previously indicated, but the major parts remain in the 
retort residue The lecovery of load must, therefore, be made from both the spelter 
and the retort residue Prom the spelter exc ess lead is ordinarily recovered by gravity 
settling, the speller being conveyed to reverlwratory furnaces for that purpose At 
a temperature held as little as is practicable alx>ve the melting point of zme, the latter 
IS unable to hold more than about 1 5 per cent of lead and any excess of lead settles 
to the bottom of the furnace, whence it is drawn off separately. In the process of 
galvanizing when unrefined spelter is used there is an accumulation of lead in the gal- 
vanizing kettles, according to the same prmciple 
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Spclt6T niEy also be refined by redistillation^ whiiih may be done eitber i|i elajf 
retorts or in an electric furnace* During the war, when refined spelter commanded 
a very large premium, there was a good deal of refining by redistdlation in clay retdl^ 
but under ordinary commercial conditions that is an unprofitable operation. Itia 
only refining by redistillation that is done normally is that which is carried out in 
Scandinavia by means of the electric furnace, which is logically the last step of the 
Cornelius process of el^trothermic smelting, to which reference will subsequently be 
made. 

The recovery of lead in the retort residues may be effected by passing the entire 
material to the lead-smelting blast furnace, or it may be subjected to mechanical 
concentration and the concentrate alone be smelted for argentiferous lead. Wbep 
concentration is done, some of the surplus reduction coal is recovered. '^Hie choice of 
the method is determined by costs^ Kumpeans generally concentrate; Americana 
smelt directly. The ultimate extraction of load and silver from a zinc ore is about 
50 to 75 per cent of the original contents, 62.5 per cent being perhaps a fair average. 

The matter of load recovery fiom a zinc-lead ore by the ordinary pmeess of dis^ 
tillation can bo but vaguely stated, however, as it is so intimately related with the 
original content of the ore and the manner of effecting the recovery. The main sources 
of loss are: (1) by volatilization during roasting; (2) b> volatilization during distilla- 
tion, a portion of which may be recoverable by refining the siH‘hei; (3) in the tailings 
of the mill, dressing the retort lesidues; and finally there aie (4) the ordinary losses of 
the lead-smelting furnace As a debit against any lead that may be recovered under 
(2) IS the cost of refining the leady spelter. Pioeess (3) is a source of large loss and 
may be omitted, but then theie is an mcreiibed weight of material to bo treated by the 
lead furnaces and therefoie a highei cost of smelting. Yet, here again there may be 
an offsetting condition, mz , the residues may be high in non and the lead smelter may 
need iron. These few remarks will give an idea of the complexity of this subject, 
which 18 , indeed, incapable of accurate generalization. The only answer is that 
which is expressed in dollars and cents in each cas(\ What applies to lead also applies 
to silver. 

The best theoretical exemplification of zinc-lead smelting is to be found in work 
with the electiic furnace. This is not a branch of electrometallurffy, but is of pyro- 
inetallurgy pure and simple Electric eiiergv plays no other part than supplying heat. 
Such generation of heat has the theoretical advantage of ability to develop it inside 
of the retort rather than outside, and at first sight this is an attractive possibility, 
promising the use of larger and more durable lotorts and the best possible utilization 
of the thermal energy 

Much work has lieen done toward the development of smelting operations for the 
delivery of molten nietaUic lead and zme vapor for condensation from the crucible of 
the furnace and from the top thereof as spelter. This is, indeed, practicable to a 
degree, but there is no good piomise of making it a commercial oixiration. Tlie con- 
densation of zinc vapor as speltiT, instead of as blue powder, can, indeed, be mas- 
tered by prereducing the charge and confoiming to the th(*oretical conditions that 
have been set forth in a previous chapter; but lead cannot bi delivered in a molten 
state from the bottom of the furnace except at a relatively low temperature within the 
furnace, which spells a high degree of scorification of zinc oxide and consequently a 
high loss of zinc in the blag. In other words, zinc reduction is a high-temperature 
process and lead smelting is a low-temperature proi'css and it is impossible to recon- 
cile these conflicting conditions in the same furnace. The only logical alternative is 
to operate the furnace under iugh teiniKjrature conditions and to volatilize both zinc 
and lead. 

The last idea is the basis of the Cornelius process, developed and practiced at 
Trollhkttan in Sweden. The furnaces there are operated on the principle of producing 
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a highly siliceous slag, which commonly contains al>out 50 per cent of silica and creates 
conditions favorable to a high degree of zinc expulsion, i.s., the percentage of zinc 
scorified and retained by the slag is relatively small. At this high temperature the 
lead of the ore is nearly all volatilized, likewise the zinc. Enough sulphur is left in 
the roasted ore to combine with iron and copper, which should be present, to form a 
matte and collect the precious metals. With an adequate matte fall the recovery of 
gold and silver in the matte is high. No attempt is made ^o condense the zinc as 
spelter. The vapor issuing from the furnace is cooled rapidly, the lead and zinc con- 
densing together as a powder. This powder is delivered to an electrically heated 
rotating furnace, wherein the superficial coating of zinc oxide covering the metallic 
particles is rubbed off, and the metallic particles being thus rendered capable of coales- 
cence are melted down as a very leady spelter. The latter is finally refined by redis- 
tillation in an electric arc furnace, but, of course, an ordinary grade of spelter can 
be produced by simple gravity refining. The oi e-smelting furnaces at Trollhattan 
have now been built and successfully operated for large capacity, as much as 15,000 kg. 
of ore per 24 hr. being smelted in a single furnace. 

The commercial practicability of the Cornelius process has been thoroughly demon- 
strated. It is not, however, of universal application, being greatly dependent upon 
cheap power and also upon the composition of the ore to be smelted. The furnace 
charge must be made up with a view to slagging the gangue of the ore according to 
the principles that obtain with all metallurgical processes of that type. If the gangue 
be self-fluxing, the cost of treatment will be relatively low, but if the charge has to 
be loaded with a good deal of barren flux in order to form the requisite slag the cost of 
smelting per ton of charge may be low while the cost per ton of ore may be high. The 
first coat of an el(*ctrothermic plant, with electric energy available for immediate 
delivery to it, is less per unit of capacity than for a coal-fired plant. Moreover, an 
elect rot herinic plant may be economically installed in smaller units. It would appear 
from these considerations that the application of electrothermic zinc-lead smelting is 
not likely to become general, but, rather, will be confined to places where condi- 
tions arc particularly favorable. 

In the earlier stages of electrothermic zinc smelting everybody experienced a 
common difficulty in the matter of condensation, an unduly large proportion of the 
zinc being condensed as blin* powder. It is known now that that is inherent to any 
zme-ore reduction and distillation process that is carried on continuously. The com- 
mon process is conducted intermittently and m stages. In the first stage there is an 
expulsion of oxidizing gases. After they have been driven off, and when the effluent 
gas becomes essentially carbon monoxide, the temperature of the furnace is raised 
to the point of zinc reduction and di.stillation, and in such an atmosphere conden- 
sation of the zinc mainly as spelter can be effected. In a furnace operated continu- 
ously there can be no such control of gaseous conditions, and as fresh ore is charged 
into the furnace there is a constant development of oxidizing gases, and coincidentally 
there is more or less dusting. The entrainment of mechanical dust with the stream 
of gas and vapor constitutes an additional condition adverse to condensation of zinc 
as spelter. Klectrothermic smelting requires, then*fore, the conditions of a tW’O- 
stage operation, just as there is in the common pyrometallurgy. With a continuously 
operating furnace there must be either a preliminary stage of prereduction in another 
furnace, or there must be a subsequent stage of blue-powder treatment, also in another 
furnace. Whichever be the choice, there are two stages or tw'o steps. The Troll- 
hattan metallurgists adopted the method of (1) reduction and distillation and (2) 
blue-powder retreatment. Other metallurgists have adopted the method of (1) pre- 
reduction and (2) distillation. 

Zinc Buttling. — In the distillation of zinc in a retort, whether the original 
source be zinc oxide to be reduced or crude spelter to be refined, the vapor is 
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condensed essentially as molten zinc if the proper conditions be maintained. 
If Ibhe vapor be quickly led into a large, air-tight vessel of sheet iron and qdekly 
cooled, the zinc is condensed directly to a solid, finely divided form, m., blue 
powder. Instead of being condensed in a manner analogous to rain, as it is in 
the condenser of the spelter furnace, it comes down in a fashion analogous to that 
of snow. This is a commercial process for the manufacture of zinc dust, which 
finds a limited use in the arts as a chemical reagent and for some other purposes. 

If zinc escapes condensation it burns at the gas outlet of the condenser, giving a 
greenish coloration to the flame and producing a whitish smoko of zinc oxide. If this 
happens in connection with the ordinary distilling furnace the smelter says that zinc 
is burning.’’ Instead of being burned accidentally, it may be burned deliberately 
for the production of zinc oxide, li^nsmuch as this may be done, and practically is 
done, in a variety of ways, it seems best to describe this branch of zinc metallurgy as 
‘^zinc burning.” 

The original method of making zinc oxide was, in fact, done in just that way, 
spelter being vaporized in retorts, burned upon issuance thercfmm, and the zinc 
oxide fume collected by settlement in chambers or by filtralion through bags. This 
process is still practiced cxtenbivelj for the manufacture of a superior grade of zinc 
oxide. Oxide, when produced in this i^ay, especially from high-grade spelter, excels 
all others in purity, whiteness, fineness, and the other desirable physical characteris- 
tics. In Kiirope practically all of the zinc oxide is tluis produced. 

In America the bulk of the zinc oxide is pniduced directly from ore by what is 
known as the Wetherill process. If the ore be a simple zinc ore the pmduct is zinc 
oxide. If the ore be lead bearing the product will be a mixture of zinc oxide, lead 
oxide, and load sulphate, which is known m commerce as "leaded zinc.” In either 
circumstance the metallurgy is essentially the same. 

The Wetherill process consists essentially in reducing a mixture of oxidized 
ore and coal in a shallow bed resting upon an iron grate with small ai>ertures, the 
air for combustion being introduced under pressure beneath the grate. With a 
loose charge a thin layer of coal is first spread upon the grate and when that has 
become ignited tlie mixture of ore and coal to a depth of about 8 in. is thrown upon 
it. A furnace is charged and worked off and the residues are withdrawn in about 
8 hr. Therefore a normal rate of working i'^ tliree eharges per 24 hr. 

The metallurgy of this process is relatively simple. The ordinary furnace charge 
consists of a mixture of I part of ore by weight witli 0 7 to 1 part of coal. For the 
reduction of zinc oxide not more coal than onc-<‘ighth of the weiglit of the ore is 
required, the remainder of Ihc coal being available, therefore, loj th<* endothermic 
reaction. In this process there necsl be n<» consideration of surplus of reduction 
material in order to keep down the percentage of carbon dioxuh*, for the latter gas is 
wanted rather than not. The reduction of zinc oxide under these conditions is 
capable of being done with a high degree of efficiency as compared with the distilla- 
tion for spelter. 

In fact, zinc oxide is first reduced and the zinc volatilized, zinc vapor rising from 
the bed of the charge. This is immediately oxidized by carbon dioxide and burned by 
excess air. Therefore the space in the combustion chamber above the bed of charge 
is filled with bluish-green flames of zinc. The stream of gas issuing from the furnace 
carries zinc oxide with it. After passing through chamliers for settlement of the dust 
it is conveyed through long cooling flues and finally is delivered to a bag house, in 
which zinc oxide is obtained by filtration. 
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As a metallurgical process for obtakung sine oxide this is simple and essentialty 
as above outlined. As a process for the manufacture of commercial zinc oxide h>r 
use as a pigment and as an ingredient of rubber, careful attention must be given to 
many conditions, both chemical and physical, discussion of which is outside of the 
scope of the present work. 

For the manufacture of zinc oxide direct from the ore, two variations have been 
developed, which are known as the eastern Wethenll and the western Wetherill. In 
the western Wetherill, eight to sixteen hearths are grouped in a Single furnace or block, 
the several hearths discharging their gas into a common combustion chamber in the 
upper part of the block. The eastern Wetherill furnaces arc also built in blocks, but 
the hearths thereof arc more like independent furnaces, each one delivering its gas into 
its own flue. There is more or loss controversy respecting the relative merits of the 
two types, but, practically, the eastern Wethenll is confined to Palmerton, Pa., 
while the western Wetherill obtains in all the ntAv plants in the West. It is probably 
the better all-round type and is best suited to the treatment of miscellaneous ores. 
In the eastern Wetherill there arc a good many variations in the matter of furnace 
divisions. 

In the operation of the Wethenll furnace of cither type great care is necessary to 
insure an even passage of the air through the charge. There is a tendency for the 
air to seek out the places of least resistance and to form blowholes and craters, with 
uneven working as a result . In burning a loose charge, it is never possible to avoid such 
irregularities altogether 

The above description and comments relate to the standard form of the Wetherill 
process, as originally developed and still commonly practiced In late years, however, 
the New Jersey Zinc Co has introduced at Palmerton an entirely new process in so far as 
the furnace operation is concerned, this being an invention of its metallurgists. In the 
new process the ore and coal are made, under high pressure, into briquettes of 
double-pyramid shape and the furnaces are operated with such a briquetted charge 
instead of with a loose charge. The furnace operation is greatly simplified. Instead 
of its being necessary to operate with sealed doorh, it is possible t-o operate the bri- 
quetted charge with open doors, the brniuettes burning with the evenness and gentle- 
ness of egg-size afithracite on the grate of a fireplace in the house Owing to this 
fact and also to the intimacy of the contact between the ore and coal, there is a note- 
worthy betterment in zinc extraction and a reduction of labor and other costs in the 
furnace operation, but of course, at the expense of the briquetting The writer regards 
this pnicess, which leads to an entirely different kind of funmee operation, as being a 
major improvement in the metallurgy of zinc 

Apart from its intrinsic merit, moreover, this process opened the way to the 
mechauiealization of the Wethenll furnace, which adds to further economies. All 
attempts to burn a loose charge on a traveling grate had been failures, and w'ere bound 
to be so under former conditions, but the innovation of the briquetted charge, eliminat- 
ing all trouble from blowholes, short circuits of air, etc , immediately made the 
travehng grate a possibility. The mechanical Wetherill furnaces have now been 
introduced at Palmerton on a large scale 

Another interesting and useful process of zinc burning consists of the use of the 
reverberatory smelting furnace, which was first developed on a large scale at Florence, 
Colo. The furnace is of the standard form for smelting copper ore, arranged for side 
charging. Matte and slag are drawn off just as in copper smelting. The ore, mixed 
with reducing coal, slides down upon the bath of slag, giving up its zinc on the way, 
while the residual gangue is scorified and flows into the slag. 

The use of heating coal in this process is surprisingly small, being much less than 
for burning on the Wethenll grate and, in fact, but little more than for simple copper 
smelting. This fact can be explained only by the hypothesis that in this furnace. 
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in flo far as the sine is concerned, an ondothertnic reaction andaneqnival^t eiaitliiMic 
reaction occur contemporaneously. Zinc oxide is reduced at the expense of tile 
sine is volatilized, and is immediately burned, surrendering the equivalent heat* 
Exactly the same thing happens in the Wetherill process, but in the latter the sitie 
vapor, which is removed promptly from the laboratory of the furnace, bums u&der 
conditions whereby its heat serves no useful purpose; whereas in the reverberatory 
furnace as developed at Florence it servos the purposes of the smelting operation. 

In other respects Anc burning in the reverberatory furnace is subject to the Same 
conditions that obtain in the smelting of any zinciferous ore, whether that b© in blast 
furnace for lead or copper, in reverberatory furnace, or in the electrothermio furnace 
for zinc-lead smelting. The slag must be highly siliceous or calcareous or both in order 
to minimize the scorification of zinc oxide and thus avoid excessive loss of zinc in the 
slag. In the smelting at Florence a slag with about 40 per cent silica was made. 
Even so the scorification of zinc oxi&c was fairly high. In order to reduce that to a 
practical minimum it is probably necessary to make a slag with 50 per cent, or more, of 
silica, as is done in the Conielius elec trot hermic process at Trollbiittan. 

The process of zinc burning in reverberatory furnace was originally developed at 
Florence as a means for getting zinc in a concentrat ed form out of low-grade ores. The 
zinc fume, which was impure, was sent to Keokuk, Iowa, for the extraction of its 
zinc by the electrolytic process. A similar furnace was more recenily installed at 
Bully Hill in California, wnth a view to making zinc oxide as a commercial product. 
That attempt failed, owing both to excessive scorification of zinc oxide in the smelting 
and inability to collect a zinc fume of the re(iuisito purity, notwithstanding successive 
refinings. 

In the Wetherill process of making zinc oxide as a commercial product, principally 
for use as a pigment and as an ingre<iicnt of nibbcr, after the vapor leaves the furnace 
great skill in handling .ind a thorough knowledge of i)hysic‘al conditions are necessary. 
Much depends upon the avoidance of discolorations and also upon not only the fineness 
of the grains, but also Ihcir shape, the grains being so small t hat their dimensions are 
measured in decimals of a micron. I'hat important subject may be here dismissed 
with merely the statement. 

Another process of zinc burning is found in the extraction (»f zinc from old brass 
scrap, this being practiced at ('arterot, N. J. 'rhe scrap is melted in a cupola furnace, 
the zinc volatilizing and burning and the fume esc'apiiig through the flue, A large part 
of it is obtained from cyclone collectors, through which it is made to pass, and the 
remainder from a bag house, which in this instance is operated mechanically. 

The limitations of space make it impossible to go into the subject of bag houses 
and many other details of collecting zinc oxide fume. It may be said, however, 
that the bag houses that are commonly us»‘d are of the conventional type, employing 
cotton bags, from w’hich the filtered fume falls into hopi)«*ra. The shaking is still 
done by hand. Mechanical shakers have be<»n introduced, but they have not proved 
successful except in the small and peculiar installation at (Carteret, nor have the forms 
of mechanical apparatus designed for continuous filtration, one or more or which have 
been tried by several smelters. 

At the present time it seems that the Wetherill process is the only one that is 
suitable for making commercial zinc oxide directly from ore. Reverberatory smelting 
may economically produce a product ranging from off-grode to distinctly impure, 
which may be us^ as a source of zinc for the electrolytic process or os a source of zinc 
for the manufacture of lithoponc and other chemical compounds. 

Electrometallurgy. — Zinc is now being extracted commercially from its ores 
with the aid of electricity in two ways, viz., electrolytically and electrothermi- 
cally. Both methods are of interest to the electrical engineer, in that they employ 
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electrical energy in great volume, but theie the Bimilarity ends The electrolytic 
process belongs to the field of electrometallurgy. The electrothermic process 
does not, except by the broadest construction of terms. The electrothermic 
process is one of reduction and distillation and the principles that govern it are the 
same as those governing reduction and distillation by the common pyrometal- 
lurgical process. The main difference is in the manner of heating. 

Electrolytic zinc extraction is based upon the electrolysis^either of a solution of 
zinc chloride or of zinc sulphate The former was the first to come into commercial 
use, at Wmmngton, England, where it is still practiced At that place the process 
IS conducted in connection with general chemical manufacture, and the chlorme that 
18 set free at the anode is utilized for the manufacture of lileachmg powder. In the 
electrolyRis of Ihe sulphate solution the product of the anode real tion is sulphunc acid, 
which 18 utilized for the leaching of moie ore Although the chloride process was the 
fust to be commercially introduced, no one would now think of undertaking anything 
but the electrolysis of zinc sulphate This subject, however, is treated at length in 
another chapter 

In the present outlook the electrolytic process is not likely to displace the dis- 
tillation on its own ground It may do so, however, by the transferral of ore supplies 
from one place to another, just as a good ileal of the ore of Broken Hill that formerly 
used to go to Europe for distillation now goes to Tasmania for electrolytic extraction 
Or it may bring into the market zinc from ores that previously weie non-commercial, 
such as the ore of the Sullivan mine in British Columbia Anaconda makes a very 
large production of spelter fioni Butte ort, which formerly went to distillers m Okla- 
homa Later it bee ame unprofitable to get their /me to the maiket via distillation in 
Oklahoma, Imt it was still profitable to do so \ia electrolytic extraction at Grc»at Falls 
It 18, therefoie, inipossil^ile to make any gcuierali/ation re spent mg the competitive 
features of electrolytic extraction and distillation, for c'ach case will be decided by its 
peeuhar conditions 

As between the electrolytic and the electrothermic mc»thods, any statement here 
must be limitcnl to the broadest indications In the elcHtTol>tic procc'ss the power 
requirement heart substantially a direct relation to the /me content ot the oie under 
treatment, foi the power in the mam is used directh for the elec trol\ sis of zinc sul- 
phate and IS propoitional to the amount of zinc depositc'd In electrotlunmic smelting 
the (H)ndition is differcmt, inasmuch as emerge is consumed not only for the rcsluction 
of zme oxide, but also for the reduction ot other metallic oxides and the scorifieation 
of the gangue As the percentage of zinc m the cue increases, the amount of other 
work that must be done in the furnace dcurtsises, with the result that the leadings of 
the wattnu'tei will not be proportional to the /iiu produc tion In general, it may be 
said that the consumption of electrical eneigy m the elec troh lie process will be less 
per ton of ore tlian in tlic electrothermic However, the whole subject, togc'ther with 
economic comparison with the pyrothetallurgical process, is too complicated to take 
up m a brief treatise 

Refining and Uses of Zinc. — An ill-advised attempt was lately instituted in 
commercial circles of the American zinc industry to abolish the use of the term 
“ spelter '' and sub'>titute the term “slab zinc,” principally because zme had been 
commonly going under a nickname that was unworthy of it In fact, zinc came 
into commercial use under the name of “ Rjiplter,” which was derived from a Dutch 
word used for it m the Onent, where commercial production was first instituted. 
Moreover, theie may be a commeicial difference betw^een zinc and spelter The 
latter in its common form is an alloy of zme and lead, together with more or less 
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cadmium^ and is oommercially desired to be such. In that respect sine differs 
from copper and lead, both of which are always desired in a high grade of purity. 
Zinc, on the other hand, may be desired as high-grade metal or as common metal 
containing only 98 per cent zinc. It is correct, therefore, to speak of high-grade 
zinc and common spelter. In technology the term “spelter*^ is all but indispen- 
sable for the sake of precision of meaning without incurring the obligation of ver- 
bose circumlocutions and definitions. 

There is a range of classification of commercial zinc and spelter, running from high- 
grade zinc down to Prime Western, or common, spelter. With the advent of the great 
supplies of high-grade zinc, the intervening classifications — intermediate, brass 
special, and selected — have lost a great deal of their significance. Only two tenns are 
now in common usage, viz,^ high-gra^e and Prime Western, the latter corresponding 
with the “good ordinary brands’' of Europe. High-grade zinc is specified as con- 
taining not more than 0.07 per cenf lead, 0.03 per cent iron, 0.07 per cent cadmium, 
and a total of impurities of not more than 0.1 per cent. All of the electrolytic spelters 
and the best-known brands of distilled spelters are well inside of those limits, most of 
them containing about 99.95 per cent zinc. P*rim(‘ Western spelter may contain up 
to 1.6 per cent load and 0.08 per cent iron, without any limit as to cadmium, which is 
likely to run up to 0.5 per cent. 

The difference in the properties of high-grade zinc and common spelter are so 
strongly marked as to cause them to serve practically as two different metals. High- 
grade zinc is distinctly a soft metal. It may be drawn and spun and worked in ways 
that are impossible with common spelter. (Simmon spelter is distinctly harder, 
giving a metallic ring when struck ^Mth a hammer, while high-grade zinc responds 
only with a dull thud. The difference in hardness is especially ascnbable to the 
cadmium content 

The largest use for spelter is for galvanizing iron and steel, Foi that purpose a 
high-cadmium content is unobjectionable (unless it be a matter of galvanizing wire 
for telegraph and telepbono purposes, for which its ability to withstand bonding is 
essential) and the ordinary percentage of lead is also unobjectionable. Indeed, some 
important galvanizers have required this and inslancos have been* noted where the 
producers of liigh-grade zinc have deliberatelv adulterated it with load in order to 
conform to the wishes of their galvanizing customers 

For rolling into sheets, lead is also unobjeclioniiblo. By far the greater propor- 
tion of the sheet zinc of the world is rolled from Icady spelter. In American mills 
sheet zinc is readily rolled from spelter containing 0.3 per cent cadmium, British 
rollers, however, find the presence of any cadmium beyond the limit of a few hun- 
dredths to be highly objectionable. This difference in opinion is ascnbable, doubtless, 
to conditions in the rolling practice. In one case a large British roller contended that 
spelter with more than 0.02 per ^ent cadmium could not be rolled successfully. The 
answer given w^as that spelter with 0.3 per cent cadmium is n^gularly rolled in the 
largest American mills. 

For brass making, which rivals galvanizing in importance, high-grade zinc is 
desirable, but before it became available on a large scale intermediate, special, and 
selected spelters were employed- For .some kinds of brass a lead content is desirable. 
A high content of cadmium is unobjectionable in spelter for brass making, even for the 
manufacture of cartridge brass, as wa.s shown conclusively during the war. No matter 
how high be the cadmium in the spelter, scarcely more than a trace of it goes into the 
brass. 

For the other uses of spelter, some of which are growing greatly in importance, 
high-gjradc zinc is generally desirable or essential. It is essential for slusli castings 
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and for the manufacture of oxide by the French process. It is essentid also for the 
manufacture of die castings, a business that is growing in an important way. For the 
last purpose Horsehead spelter, a product of direct distillation, commands a premium 
over electrolytic spelter, although the two kinds of metal assay about the same in 
zinc. For some unexplained reason the Horsehead spelter is found to work the better. 

It will appear from the above statement of uses and respective conditions that 
there is but little need for the refining of crude zinc. The spelter that is naturally 
produced goes directly to the use for which it is especially adapted. It was only during 
the World War, when the need of high-grade spelter for the manufacture of cartridge 
brass was far in excess of the natural supply thereof, that the refining of crude spelter 
became a great metallurgical industry. In normal times sUch refining is mainly 
confined to the reworking of dirty scrap, which cannot be merely remelted, and 
galvanizers’ dross, which is highly impure by virtue of its high iron content. 

The ordinary refining of crude spelter is merUy a process of gravity separation for 
the purpose of dropping out an excess of lead. In the distillation of leady ore a con- 
siderable proportion of the lead goes over with the zinc and produces a first spelter 
that is rather high in lead. Such spelter is poured directly into a reverberatory fur- 
nace, or is remeltcd in such a furnace, and in that simple process excess of lead sepa- 
rates and sinks to the bottom, the capacity of zinc to hold lead being limited to a 
rather small amount, varying according to conditions of temperature, etc. By this 
simple process of refining, which is practiced generally in Europe and especially in 
Upper Silesia, the lead content of tlie common spelter (good ordinary brands) is reduced 
to about 1.25 per cent. This process has the further advantage of yielding a uniform 
spelter, for in tlu^ melting furnace it experiences a thoiougli mixing. As drawn directly 
fnim the condenseis of tlie distilling furnace there is a eonsidorable variation in the 
composition, accoiding to tlu* conditions of temperature, etc. that obtain in individual 
retorts, w'hioh vary in different parts of the furnace. 

Amcneaii zinc smelters do not generally refine m this way, although it was for- 
merly done at Jilende, Colo., not being eonstrain(‘d to do so by virtue of the lead 
content of their spelter. It has been suggested, liouevei, that they might advanta- 
geously do so just for tlie sake of insuring uniformity of their product. American 
smelters, howevu", do a certain kind of lefinmg by selection, k ., keeping separate 
their several draws of medal. Thus the first draw, distilled at the lowest temperature, 
is naturally lowest in lead and highest in cadmium, and, consequently, marketable as 
spelter for brass making; w hile the later draws, lower in cadmium and high in lead, go 
to the galvanizeis as common spelter. This practice is less general now than it was 
before the advent of the great supplies of electrolytic spelter which have largely 
captured the brass trade. 

When the pioblem is to refine crude spelter so as to produce a product very low in 
lead, that must be done either by electrolysis or by redislillation. The electrolytic 
refining of crude sjiclter using a zinc sulphate electrolyte is easily practicable, but 
generally will be uuprofitable inasmuch as no by-products are recovered and the only 
useful purpose is to improve the gradfe of the zme. This process of refining was done 
at Baltimore during the war, but ceased promptly with the disappearance of the 
premium for high-grade spelter. Anyway, this process was never practiced on any- 
thing but a small scale. On the other hand, refining by redistillation became a large 
industry. 

Refining by redistillation was performed by charging sticks of crude spelter into 
the retorts of an ordinary distilling furnace, putting a dam in the mouth of the retort, 
or in the inner end of the condenser. Or else the retorts were reset so as to give them an 
upw^ard inclination instead of the regulation downward, in which event no dam was 
necessary. Or else sixTial furnacch were built with a single combustion chamber, 
giving access to both ends of the retorts, so that, while zinc vapor passed into the Con- 
densers from the upiier end, lead could be tapped off at the lower end. 
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Thes 0 furnaces were heated to only a little above the boUinii; point of sine. They 
wore provided with condensers larger than the ordinary in order to take care of th^ 
great flow of alnc vapor, and they were drawn frequently and were otherwise handled 
in conformity with the altered conditions as compared with ore distillation* They 
yielded a spelter with D9,S5 to 99.9 per cent zinc, the major impurity being cadmium* 
The percentage of zinc condensed as spelter was, of course, much higher and the 
percentage condensed as blue powder was much lower than in ore smelting* A 
common ratio of condensation as spelter was 80 per cent. Tlie loss of zinc in the proc- 
ess was from 7 to 10 per cent, which was due to absorption and failure to condenaei 
the loss in residue being, naturally, but little. Obviously, no such loss could be faced 
except with the compensation of a premium more than offsetting the metal refined and 
recovered, and with the disappearance thereof this metallurgical practice quickly died. 

At the present time refining by redistillation is done only in connection with the 
excessively leady spelter of the (brnelius process (Trollhiittan), for dirty scrap and 
jmik, and for galvanizers' dross. The Scandinavians use the electric furnace (De 
Laval, or arc, type) for this purpose. In this country the ordinal^ distilling furnace is 
used, as at Donora, Pa., or the special furnace of the secondary smelters pure and 
simple. 

The last is a central chimney with a series of fire boxes, <*ornmonly eight, grouped 
circumferentially around it. Each fire box has its grate and above* that a pear^-shaped 
graphite retort, about 30 in long and 20 in. in diametci at the belly, holding about 700 
lb. of dross The retort, which is set at an upward slant, discharges its vapor into a 
condenser slanting downward in t he regular way. I'lie di^tillat ion of a charge requires 
18 hr., about 2 lb. of coal per 1 lb. of dross, and the hibor of one man per shift per four 
retorts. The retorts last for forty to sixty charges. Sp<dter of excellent grade is 
produced. 

When spelter was being refined by redistillation on a large scale in this country, 
some curious residual products were obtained, especially gallium, indium, and ger- 
manium — elements that never appear in ordinary analyses of spelter, although their 
occurrence in zinc ores has been occasionally detected. The experience in Oklahoma 
during the war showed that thev evi.st in the ore of that district, that they distil 
over with fhe spelter at tlie teinjicrature of the ore-smelting furnace, •but that they do 
not redistil at the temperature of the refining furnace. The presence of infinitesimal 
jiroportions of one or more of those elements may possibly explain certain differences 
between high-grade spelter produced by direct distillation of ore and that which is 
produced by electrolysis. 

In general, it is quite easy to refine crude spelter from lead by distilling at low tem- 
IM?rature. Not so with cadmium, winch ran he eliminated only by cutting out a 
preliminary draw or two in which it will be concentrated. Iron as an impurity in 
spelter ks the result of bad handling. It may come from the iron tools that are used, 
from drawing ore into the condenser, or from letting spelter in the condenser back up 
into the retort. The on* in the r(*tort w ill contain more or less reduced iron, if it he at 
all ferruginous, and the spelter may be contaminated by contact with it. 

There is a growing tendency m Ament an manufacturing industries that use spelter 
to dismiss the old gradings of the metal and specify the percentages of lead and cad- 
mium that have been found to give the best results for their particular purposes. 
What are commonly called impurities may, therefore, be desirabilities in some 
instances. Thus cadmium is sometimes deliberately introduced int^ high-grade 
spelter. An advantage of the latter is, of course, the ability to produce from it any 
composition that may be wanted and to do so unerringly. The idea, however, that 
high-grade spelter cannot be used in its purity for galvanizing is rather nonsensical. 
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CADMIUM 

By Donald M. Liddell^ 

Cadmium has practically no metallurgy, except as a by-product of zinc. In 
the main its recovery depends on its greater volatility as compared with zinc, 
and on the fact that zinc precipitates cadmium from solution. 

One method of cadmium recovery has already been spoken of,* involving the use of 
electrolytic-zinc plant solutions. Other sources of cadmium supply are: Flue dust 
from blende roasting; condensed fume, blue powder or zinc dust from zinc distilla- 
tion; tank residues from lithopone manufacture; electrolyte from electrolytic lead 
refining, and fumes from lead furnaces. ^ 

Pyrometallurgical Methods. — The original Silesian practice was to redistil a 
rich-cadmium blue powder, using prolongs on the condensers, which were 
removed as soon as the flame ceased to have the brownifjh tinge characteristic 
of CdO. The blue powder was mixed with about 50 per cent of coke breeze and 
the product from a 4 per cent Cd blue powder would run about 38 to 50 per cent 
Cd, while if the original blue powder ran 0 to 8 per c(*iit Cd, the powder in the 
prolong would run about 75 per cent Cd. The retort must not bo run too hot. 
This prolong coiuloiisato was then mixed with about 40 per cent of its weight 
of charcoal or 60 per cent of its weight of coke Im^eze and charged in a cast-iron 
retort heated by the waste gases from the regular zinc furnace. The product of 
this redistillation was caught in an iron condenser and was practically pure 
cadmium. 

Wet Methods. — These mainly depend, as already stated, on the fact that 
zinc will precipitate cadmium from solution, and to a le\ss degree, tJiat zinc can 
be removed from a cadmium-zinc sulphate solution by agitation at 60 °r. with 
Zn or Zn(011)2, following by cooling to 35°C., at which point basic zinc-sulphate 
precijiitatcs. 

The electrolytic zinc producer is constrained to precipitate cadmium from a 
sulphate solution as a purification preliminary to the elect lodeposition of zinc. This 
precipitation is effected by the addition of atomized zinc, which throAvs down cad- 
mium, copper, and otluT impuntu's, including arsenic, antimony, cobalt, etc. There 
js obtained thus a mixed precipitate, enriched in cadmium. Further treatment of 
this precipitati* separates the copper and cadmium, both t)f which are eventually 
rtH'Overed. The most convenient way of getting the cadmium is by electrodeposition 
from the purified solution of cadmium sulphate. The electrolytic zinc producers 
are now the largest suppliers of metallic cadmium, and owing to the advent of their 
new supplies, which has happened only within the last two years, the market price 
for cadmium has fallen greatly.* 

In the treatment of cadmium-bearing lead blast-furnace fume, the fume is mixed 
with its own \\ eight of 60 deg. sulphuric acid and heated until fumes cease to come 
off. It is then leached with spent electrolyti* with air agitation (to oxidize all ferrous 
to ferric compounds). Tlie leach is then neutralized with slaked lime, throwing out 
FesCAsO*)^, Zn(OH) 2 , and PbSO^. The copiier is then thrown out by Na 2 S, and the 
resulting solution, which should be concentrated to 8 per cent C^d and 1 to 2 per cent 

* Weld & Liddell, Ensineers and Econonnsta, 2 Rector St., New York. 

^Sec p. 1120 
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HiSOt) is electrolyzed using aluminum cathodes and corrosion anodes^ with a cummt 
to 5 to 8 amp. per sq ft. and about 3 volts tank potential. 

Thallium^ if present, can be removed from a neutral cadmium solution with 
potassium chromate. This is a very important reaction. 

The treatment of bag-house dust from lead furnaceja at Denver, Colo., is thus 
described. About 300 lb. of dust is heated m an iron pan with 120 lb. of 60 deg. acid 
for four days in a flue at 230®C. The resulting cake is crushed to quarter-inch size 
and heated m iron paifs for 48 to 60 hr at 325®C and the resulting powder leached 
with water The arsenic m this solution is then determined by analysis and 10 lb. of 
bluestone added for each pound of arsenic present The copper-arsenate precipitate 
is then removed and the excess copper thrown down with scrap iron and a little 
sulphuric* acid The cadmium i^ then thrown out of solution on /me bars immersed in 
solution and the precipitate scraped off the bars and melted 

Properties. — The boiling point of cadmium is 785®C. at 760 mm. pressure 
compared with 906®C. for zinc. The melting point of cadmium is 320®C. Its 
specific gravity is 8.604 cast; 8.694 hammered. The specific heat is about 0.057. 
^me of the fusible ternary and quaternary alloys arc given in Chap II. The 
ternary alloy of Cd, Pb, Sii and Bi of lowest melting point (about 70®C.) is 
10 10 Cd; 27 27 Pb; 13 13 Sn, and 40 50 Bi Lipowitz metal is 10 Cd, 26 7 Pb; 
13 3 Sn; 50 Bi If 30 parts of Lipowitz metal is molted with two parts of 
mercury the result in a compound melting at 37®C. 
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METALLURGY OF QUICKSILVER 

Bi Mukkay and II. W Gould* 

The metallurgy of quicksilver is very simple, mobt wnteis on the subject say, 
bogiiiumg with Agncola in his treatise on Metallurgy in 1551. Though simple in 
outline, however, there are certain qualilying conditions which render its practical 
application somewhat difficult as to details 

The metallurgical process is one of simple distillation by applying heat followed by 
condensation in a cooled confined space The boiling point of mercury is variously 
given by different authorities as between 355 and 300°C , at which point it is converted 
into a colorless vapoi, the density of which is given as between G 7 and 7 03 

Generally speaking, there are two mam types of quick-silvci reduction — the closed 
letort, where the ore is placed in an non pipe or reieptacle and fired externally, and 
the quicksilver furnace, wheie the heat conies in din it contact with the ore and the 
gases of the fuel combustion combine with the volatilized menuiy 

Retorts. — Quicksilvei retorts are not used in any of the large quicksilver 
mines in Spain and Italy and, on account of their small capacity, are only used in 
this country on prospects or, in some instances, to bum soot from the condensing 
plant of the large furnaces Only a mere fraction ol the total reduction of quick- 
silver IS made from retorts 

Two types of retorts are in general use m this country — ^thc round pipe, called the 
Johnson McKay, and the ‘‘D*' rc^tort. 

The Johnson McKay is most commonly used It is a cast-iron pipe 12 m in diam- 
eter by 6 ft 6 111 long and 1 in thick This is cast with a bell end, allowing foi two 
cast-iron lids that are lutc*d on with ashes These retorts are put up twelve or less 
in a bench with a fire box on one end, with the heat passing in fines under the pipes 
and back over thorn to a stack On the opposite end from the bell a 3-m pipe leads 
out and down on a slight inclination to a trough Tins pipe i^ the condenser The ore 
18 charged in the pipe with a scoop, about 2(K) lb to tlie pipe The lids are luted on 
and the ore is roasted fiom 8 to 12 hr , at which time if is drawn and recharged. The 
heat maintained in the pipe ranged fVom 700 to ]2()0°F and, as the meicury is volatil- 
ized from the ore, it passes out through the condensing pipe and drops into the trough 

Where much sulphur is piescnt, lime is generally charged with the ore Accoiding 
to Bradley,* retorting ** depends upon lieatmg the mc^rcunc sulphide with lime when 
the sulphur combines with the calcium, forming calcium sulphide and sulphate, while 
the mercury is liberated, as shown by the equation 

4HgS + 4raO = 4Hg -h 3CaS -h CaSo 4 

The capacity of a twelve-pipe Johnson McKay letort ranges from 2 to 4 tons per 
24 hi. 

1 Conflultms engine f>r. Ban Franoisco, Cal 

‘ Consulting engineer Ban Franrinco Cal 

< ^^Quicksilver Resources of California ’ Bull 78, p 209 
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The retort is a heavy, cast-irouL pipe, it has e crossHiection like the letter 
but with the straight aide lying horizontally. These retorts are generally madi^ 
about 18 in, wide on the bottom, 12 in. deep in the center, and 6 ft. long, and have a 
condenser pipe leaving somewhat similar to the Johnson McKay. Generally, the Ote 
is charged in sheet -iron pans, two or four to the retort, a complete charge being about 
400 lb. The retort has a capacity of from 800 to 1,000 lb. per day. The D” retort 
may be erected singly or in banks up to four or six. Only a few of these ore in use 
at the present time. 

Generally, retorting is very unsatisfactory on account of the very small tonnage 
they treat, the large amount of hiel consum<‘d per ton of ore treated, and the possi*- 
bility of salivation of workmen. As stattni before, they are generally used for develop- 
ment work on prospects. 

Furnaces. — Just when retorting gave way to the furnacing of quicksilver 
ores on a large scale is not definitely known, though it is known that crude 
shaft furnaces were in use at the Almad^u mine in Spain as early as the twelfth 
century. After the discovery of America, and with the heavy working of gold 
placers and silver mines in South America and Mexico, the demand for quick- 
silver was greatly stimulated, and most of the production came from the Almad4n 
mine in Spain, and later from the Huancavellica mitie, in Peru. It was at this 
latter place in 1634 that Don Saverda Barba dcvelopc'd a very efficient furnace 
that was introduced into Spain in 1646 and became known as the Bustamante 
furnace. Ten of these jilants were installed from 1646 to 1654 and all of them are 
still in operation at the present time. These were shaft furnaces, intermittently 
charged, fired, and drawn, and, though they look very crude today, they probably 
have, in their 275 years’ existence, produced more quicksilver than any other type 
of furnace. As they have been described many times, it is unnetmsary to go 
into their construction or operation, nor to describe the many ty]x;s of furnaces 
that have been built, tried, and forgotten in bygone days. 

In furnacing quicksilver ores the heat is applied directly t<3 th(' ojyc in the presence 
of air, the oxygen in the air combining with the mercuric sulphide, tormiiig sulphur 
dioxide and treeing the mercury in accordance x^itli the equation 

HgS + 20 - Ilg + 80, 

The furnace in most common use today m Knnjpe — both at Almad<Sn, in Spain, 
and at Monte Aimata and Idria, Italy— is the (Vrmak-Spirek, generally called the 
Hpirek furnace, from which the bulk of the European production of (juicksilver is 
made. This is made both as a shaft and as a tile furnace — the shaft furnace for 
treating the coarse ore (1 in. +) and the tile for treating the fine. In the eoarse-ore 
furnaces the fuel, charcoal or coke, i.s charged with the ore and, generally speaking, 
they are very efheient. The same can be said of the Spirek tile furnace, of which some 
thirty installations, rangmg from 12 to 24 tons per day, are now in operation in 
Europe. 

However, as much has been written about these fui^iaces by European writers, 
the details of their construction oi operation will not be discussed here. A particularly 
good description of European quicksilver-reduction plants has been written by Dr. 
Roland Stemer-Rainer in 1914. 

The practice in Spain is still very antiquated. No apparent effort is made to cut 
reduction costs, when such a plan would in any way reduce the number of men 
employed, as the mine is government owned, and very much in p<jlitieH- -therefore as 
many men as possible are carried on the payroll. With high^de ore (7 to 8 per 



1228 


HON^FERHOUS METALLURGY 


cent), however, quicksilver is produced at a comparatively low cost pef flask, but under 
the conditions not much improvement in metallurgical practice can be expected. 

As a comparison, the Cloverdale mine, in Sonoma County, California, operating 
a rotary furnace, roasts 90 tons of ore per day with one man on a shift (three men per 



Fig. 1. — Gould rotary furnace, 5 ft by 56 ft , at New Idna 



Fio. 2. — Spirok ( ondensers at Monte Amiata 

day). At the Almad4n mine, in Spam, fourteen furnaces roast 78 tons and some 600 
to 800 men are employed in the operation. 

Another mstjince is the Abbadia San Salvatore mine, at Monte Amiata, in Italy, 
where over 400 men handle 278 tons in eight Spirek fine-ore and fourteen Spirek coarse- 
ore furnaces. As compared to this, at the New Idna mine, m San Benito County, 
California, five rotary furnaces will roast 400 to 500 tons per day, if run to capacity, 


rnfAiLumr 

reqiuring only 10 men per day. The mam reaaon for thia is the low cost of labor 
Europe as compared with the United States 

Previous to 1914, the largest and most up-to-date plant in Europe was at the Idna 
mine, m Camiola (at that time m Austria, but now m Italy). The mme was the® 
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owned ind opinted by llie Auslnaii ( rowii and imuh attention was given to the 
d(\elopment of new metalluigjoil piattuts Muih tint Avas written bcfoie 1914 <1^ 
on quicksilver inetalliiigy cainc fioin this soun c It was lu k that the Lxoli, Kroupa, 
and Cermak-bpirek furnaces and the Spirt k condensing systt m w t r< developed 



Fig 4 — Reduction plant at AlmadCp bpaiu 


In the Umted States fiom 1850 to the early seventies, practically all of the quick- 
silver treated in this country, which at that time meant California was handled 
either in retorts or small shaft furnaces—- the greater part in the latter. The most 
successful of these was probably the Knox-Osbome, which was patented in 1872, 
and at one time there were several of these plants in operation m California, 

As the mines developed deeper, more fine ore was mmed and the necessity for fine- 
ore furnaces increased Among the early fine-ore furnaces developed was the Liver- 
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more — an incline furnace — of which several installations were xnade^ inclodixig two 
at the Almad^n mine, in Spam. 

In 1875 and 1876, H. J Huttner and Robert Scott developed at the New Almad4n 
mine in Santa Clara County, California, what bee ame known afterward as the Scott 
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furnace, and whuh in a short time practually superseded all other furnaces in this 
country, except in i f(w instances wlnie coarse-orc furnaces were used These 
fumates have product d the major portion of quicksilver in tin Cmled States Sco^tt 
built these fuinac^ all over the I nitcd States and Mexico from 187() until his death, 



in 1918. The Scott furnace is what is commonly known as the tile or shelf furnace 
and ranges m capacity from 10 to CO tons per day. The capacity is governed by 
the number, length, and height of the ore chambers, each additional tile increasing 
the length of the chamber by 36 m and the height varying with the number of tiles 
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placed one above the other. The opening, or shelf slit, between the edfje of one tile 
and the face of the one next below it was originally set at 3 in. This has been widened 
m later furnaces up to as much as 8 in , but was usually 4, 5, or 6 m., so that mediumt^ 
sized ore up to 3 in, may be treated in these furnaces. As denoted from the drawing, 
the tiles form a zigzag channel for the passage of the ore from the top to the bottom 
of the ore chamber. The tile used are flat, generally being 3 by 1 5 by 36 in. in size. 
The tile ore chambers are increased in heavy outer brick walls, braced with iron tie 
rods. Peep holes are*placed in the end walls to enable observation of the condition 
of the ore m different levels in the furnace 

Scott made many refinements in the design of his furnace during the years of his 
experience m building plants. As an example, the last plant built by him — 40-ton 
furnace at the Oat Hill mine, in Napa County, California, will be described. In this 
plant was incorporated an ingenious ore dner, described b> C N. Schuoftc in 1919. 

The Oat Hill plant was erected during the latter part of 1918. The decision to 
erect a tile pipe-eondenser system was based on the result of expeiiraents conducted 
by the U. S Bureau of Mines at the Oceanic quicksilvei mine and at the Berkeley 
Experiment Station, and its constmction was supervised by Mr Innes. Data for 
this report were obtained in Februaiy, 1919, when the plant was m full operation. 

General Description of Plant. -The fuiiiaeo was built on the foundations of a 
former furnace, in an excavation about 20 ft. below the suiface of the ground. 
TJie condenser system is built on three terraces behind the furnace Tho 
furnace gasos pass from the iuniacc to a brick (‘ondonser built diioctly behind 
the furnace on the lowest terrace From hcie ^he gas stream turns to the right 
and passes to the tilc-])ipe cooling unit on the second terrace and from there to 
two bnck chambers on the third terrace From heie four flues of 1-ft tile pipe 
lead the gases to a 25-ft sta^’k, situated about 30 ft. higher and 150 ft distant. 

The burnt ore is trammed to the dump thiough a cut, giving »c tess to the ground 
level of the furiiiu c 

An ore bin is situated directly beluud and above the furnace and ore from il is 
trammed directly into the hoppei of thi diier 

The Scott Furnace and Ore Drier.- The 1 uniac e is a standard throe-tile Scott 
fiunace. Th(‘ method of tying the fuiiiaee is an iinfirovernmit over the custom- 
ary method Six-mch angle irons arc" pl‘i((*d ovei the corncis, and 0-in channel 
irons are placed at the intermediate fKunts of sujqiort The tie rods pass through 
holes drilled m the angle irons This system of tving the furnace is neat and 
effective and was adopted at the suggestion of M i Innes 

The drier simulates the fuinaee in design, iron plates replacing the tile. It is 
built on tho furnace between tlic throats The hot air foi drying the ore is obtained 
by heating air with the heat of the spent oio in the draw, which is esmed to the dner 
through two brick chimneys at the rear ol the fiiinace 

It was neccssaiy to change slightlv the design of the ashpit of the furnace in order 
to obtain the hot air lor the dryer The ash pit of th<; furnace was divided into an 
upper and a lower part b> n cast-iion plate 

The ash can be dropped into the ash pit proper, by hoesng it, at intervals, through 
an opening near the door, which is closed by a sliding door. 

The iron plate which divides the ash pit cuts off the lower six flues or gas passages 
through the furnace, and is on a h»vel with the floor arch of the lower rear 
dust chamber. Air entering through the dooi of the ash pit is heated l>y passing 
through the flues foimed by the tile and hot rock, and passes through the “rear ash 
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Fio. 7 — Scott furnace and ore dryer at Oat Hill. 
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pit to the brick ehimneys When particularly wet ore is being charged, a booster 
fire can be built in the ^‘rear ash pit to increase the heat of the dryer gases 

The Condenser System. — The areas, volumes, and materials of construction 
of the various units of the condenser system are given m Table 1. The condenser 
system op(*rates on natural draft Provision has been made in the stack for 
aiding the draft by heating the stack gases, but this is very rarely necessary. 

The furnac e gases pass from the exit pipe into the first two chambers of the brick 
condenser, from here they pass to the second chamber through an openmg in the 
])Ottom of the dividing wall, and from this second chamber the gases pass into the tile 
pipc»s to the cooling unit 

The gases of eac h exit pipe are kept apart in the first brick condenser by a central 
dividing wall, so tliat by dosing off one exit pipe Vith the shutters piovided for that 
purjxise the conespondmg half of the (ondenser is isolated, and the sheet-iron top 
can be removed foi ( leaning oi n pairs 

Sheet-iron slides are placed in tlu tile-pipe strings when' they leave the brick 
Condenser so that cadi string can bt shut off for npair or deaiiiiig 


Tablp 1 doNUi Nhi R S\ STB M Data 


Part of s\h1ein 

Aiea, 

scpiare 

fc'ct 

Volume, 
c ubic 
feet 

Two iron-topped bric k exit pipes, 2 ft 9 in b^ 2 ft G in b'\ IG ft 
One four-cornpartmenl iion-topped biiik condenser cudi com- 

53G 

220 

partment 1 ft 11 in by 3 ft 4 in bv 18 ft 

1,319 

1,180 

Four tile-pipe sti mgs, each 1 ft in dumeter iiul 151 ft long 

One four-compartment brick chamber, each compartment 3 fi 

1,897 

474 

3 in by 8 ft 4 in bv 12 ft 

1,^29 

1,300 

Four tile-pipe strings, e idi 1 ft in diameter and 2 ft G in long 

31 

8 

Brick chambci, 3 ft 6 in by 17 ft G in by 12 ft 

Four tile-pipe strings, each 1 ft in diametei and 144 ft 1 in 

G27 

73.5 

long 

1,811 

453 

Brick stack, 2 ft 4 m by 2 ft 4 in b\ 2.5 ft 

213 

130 

Total 

7,78G 

4,.50(> 

1 


The tile-pipe stnngs are offset altei k ivmg tlic buck eondemser for purposes of 
( leaning. A dram is placed m each, part way betwc'en the brick condenser and the 
cooling unit. 

Cooling Unit — The cooling unit consists of five superposed lines of tile 
pipe, each 20 ft long, and is ai ranged in two sections of two strings each, so that 
the pipes are accessible for lepair, and m ordei to snnphfy the coohng-water 
distribution. 

The cooling water is piped into launders placed centrally over each section of two 
strings. This launder has lips, reaching to the center lines of the tile-pipe strings 
The water flows over these lips through holes bored into the side ol the launder at the 
hp level* The wster flow is controlled bv wooden pegs m these holes 
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The water, after flowing sueceesively over the five pipe striiigs, drope to tkp oojft* 
Crete floor on which the entire condenser system is built, and, after passing thrcHlfh 
settling boxes, flows to waste. 



Fig. 9. — Furnace and diyor under Fig. 10. — Stack and flue, 

construction. 


From the cooling unit the gasch pass into buck chiunlxuH when* any further dust 
and Hool can settle, and from these chainbeis the gas passes to the staek through four 
tile-pipe flues 



Fig. 11. — Details of plant showinp furnace, exit pipes, bnck ('ondenser, tile pipes. 


The Stack. — When it becomes necessary to aid the draft, a small fire is built 
in the fire box under the stack. The hot gases from the fire box pass through a 
small chimney into the stack proper, in this manner not only increasing the draft 
by heating the condenser gases but also by inducing a suction on the aspiration 
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principle. The design of this draft-inducing fire box is due to the suggestion of 
Dr. L. H. Duschak. 

Operation of the Furnace and Drier. — The furnace treats about 40 tons of 
ore per 24 hr., with a fuel consumption of 2 cords of wood, the ore being crushed 
to 2 in. The wood for fuel — fir, manzanita, and oak — is obtained locally and as 
used contains about 1 1 per cent moisture. 



Fiq. 12. — Dryer and furnace throat. 


The ore is a sandstono, assaying between 5 and 6 lb. mercury per ton, the moisture 
content being around 8 to 9 pc^r cent. 

The furnace crew consists of one man persliift, who cliarges, draws, and fires the 
furnace. 

All ore cliarged to the furnace passes througli the drier. Soot from the clcan-iips 
is charged into tho furnace throat. The ore passes through the drier in 2 to 2H hr. 
and in this lime can be dried to a moisture content of less than one-half of 1 per cent. 

One test showed a reduction of the moisture content from 8.5 to 0,28 per cent in 
2 hr. A small booster fire was maintained during this test, tlie hot air entering the 
dryer at the rate of 1,200 cu. ft. per minute at a temperature of 260°C., and leaving 
the drier at a tempera tun* of 120°C. 

The temperature of tJie drying air is kept below^ 250°C., and is controlled by ther- 
mometers placed in the toi),s of the brick chimneys. The ore contains no native mer- 
cury, and as the vapor pressure of cinnabar is practically zero up to about 300°C.,^ 
a loss of mercury in t.Iie drier is not probable. As staterd above, the soot is charged 
into the furnace throat directly. 

The drier increases the capacity of the furnace, and eliminates the possibility of a 
hang-up of the furnace, with its attendant danger of salivating the crew. Any hang- 
ups in the drier can be easily handled, as the drier flues are readily accessible through 
the peepholes provided for that purpose, and the work can be done without danger of 
salivation. 

Operation of the Condenser System. — The condenser system operates on 
natural draft, the draft, of course, varying with barometric pressure and wind con- 
ditions. On sultry daj\s the system is under a slight pressure, which can be 

1 Data taken froni an unpublished thesis by Mr, Inues on “The Determination of the Vapor Pres- 
sure Cinnabar “ 
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relieved by a small fire m the stack fire box On clear, breezy da}^ the draft is 
inward all alonfi; the system 

In collecting temperature data, representative points along the condenser system 
were chosen, and all temperature readings Mere made at tlu*^ }ioints The distance 
that the gas has traveled at the \ ai ions points ot observ ition is giv eu below 


Station 

(jab TltAVl I 

IN I H-T 

Si A1 ION 

<iAB TkAVKL 
IN r»BT 

1 

10 

5 

203 

2 

40 

D 

207 

3 

06 

t) 

218 

B 

llS 

7 

350 

1 

176 

8 

350 

V 

187 

lop of sink 

377 


The following senes of temperature reidings weie tikcn on the days following 
i (Ican-up Tht tempi raturcs at corresponding points in the four parallel strmgb of 
tile pipe weie found to be vfr> ricaih the simc*, so that tciripciaturc readmgs along 
one* string m ere represent iti\ e of t he conditions obt iiimig in all foui 
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I 
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1 )0 

1 11 
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2 

1 10 

04 
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1 ) 

2 00 

OS 

1 17 

'■>8 

3 

\ U 

>>0 

S 00 

07 

2 0<1 

(>> 

1 22 

57 

4 

1 10 

U 

S 12 

11 

2 11 

1) 

1 2) 

32 


3 20 

2* 

S 1 > 

n 

2 13 

n 

1 27 

30 

n 

3 21 

24 

8 

{ 

2 1 ) 

2S 

1 20 

26 

7 

i 2S 

22 

8 27 

\ 7 

2 IS 

1 ) 

1 iJ 

14 

s 

3 30 

20 

8 20 

XI 

2 20 

1 { 

1 3 > 

10 

Atmosphere 


n 


7 




8 


Rfmarkft Tpb 24 sun Hhininj? Ffb J** cIoud> no win J rlntfl Mii< l*tb duudy 

windy Feb 26 sunny brciry draft m 


The above-noted condition in one of the four flues heading to the stac k (flue acting 
as a downcast) was also noted, on a few occasions, in the cooling unit 

The table below was compiled from the record of duly ternpe ratine observations 
as made by the furnace foreman at the plant The temperatuu*s iccorded for the 
dner were taken at the top of the buck chimneys All temperatuies Mere measured 
with thermometers. 
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Daily Tsmpsiiatuiie Travbrss, Day Hill Minbi Fbbbuart, 1910 
(Temperatures in degrees Centigrade at stations) 


Date 

■ 


2 

B 

C 

D 

7 

Atmosphere 

Drier 

Feb. 1 . 

164 

120 

60 

44 

30 

27 

17 

r 8 

82 

Feb 2 . 

152 

120 

63 

53 

35 

27 

23 

6 

78 

Feb* 3 

153 

120 

62 

49 

30 

27 

17 

7 

7tf 

Feb. 4 

148 

120 

70 


30 

22 

16 

5 

190 

Feb. 6 

152 

120 

53 

34 

32 

32 

18 

, . 

190 

Feb. 6 

150 

120 

56 

42 

24 

20 

12 

8 

200 

Feb. 7.... 

160 

126 

60 

48 

32 

66 

17 

10 

230 

Feb 8 

164 

130 

02 

44 

33 

27 

11 

12 

200 

Feb. 9 

166 

134 

62 

44 

23 

21 

11 

10 

218 

Feb. 10 

169 

136 

48 

38 

21 

14 

10 ! 

10 

200 

Feb. 11 

163 

128 

50 

36 

19 

18 

6 i 

4 

198 

Feb. 12 . . 

166 

130 

50 

36 

20 

16 

10 

9 

200 

Feb 13 

167 

136 

56 

36 

21 

20 

9 

6 

210 

Feb. 14 

164 

130 

50 

34 

22 

21 

11 

7 

204 

Feb. 16 

164 

134 

59 

32 

22 

20 

10 

6 

210 

Feb 16 ... 

150 

120 

60 

47 

24 

21 

11 

10 

210 

Feb. 17 . . 

158 


60 

40 

23 

22 

12 


215 

Feb. 18 

174 

136 

60 

50 

28 

24 



230 


The Cooling Unit. — The following data on the performance of the cooling 
unit were taken just before the clean-up under the most unfavorable conditions 
for effective cooling, as the pipes were well coated with soot and mei cury. The* 
amounts at watej* were varied as sJiown in the table The tempeiature readings 
were taken at stations 3 and 4 in the two outside stnngs of jnyie. The flow of 
water as recoided is the amount for one section of two strings. A flow of 1. yiei . 
minute is sufficient to keep a film of watei on two stnngs of piyie. 


Cooling Unit Data, Feb 20, 1919 


Tune 

Tf iiiperature, dt gri i*h 
C tntigrndt 

Water. 

litera 

"per 

niiniiti 

1 

Tempeiatiin , dogitc^ 
Ccntigradt 

Watci, 

Iiteis 

p«r 

miimte 

1 

Remorka 

atation 

3 

Station 

4 

1 

Differ- 

ence* 

1 

Station 

3 

Station 

4 

Differ- 

f nil 

1 

2 45 

^ 74 

50 

24 

0 


40 


0 

After draw 

3 05 

75 

50 

25 

0 


41 


10 8 


3 15 

74 

51 

23 

0 


37 


9 0 


3 25 

1 74 

50 

24 

0 

1 59 

35 

34 

9 0 


3 35 

86 

54 

32 

9 

i 65 

39 

20 

9 0 

Draw 

3 45 

79 

50 

20 

9 

05 

39 

2b 

9 0 


3' 55 

77 

45 

32 

0 

64 

37 

27 

9 0 


4 15 

■■ 

40 

30 

1 

13 5 

60 

35 

1 25 

13 5 

1 


















METAUAJSGY OF qVlOKMLVSn 


i 

1 

J 

c 

loss per 24 hr 


Pounds 

ssssss 

*-i M »-i t'S **< 


i § 

as 

0 538 

0 543 

0 879 

1 055 

0 820 

0 497 

1 

Hg 'vapor 
not re 
covered 
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kilograms 

® r* © 'e 1(5 

w ^ 

000000 

Hg per 
cubic 
meter of 
dry gas 
0°C 

760 

mm 

grams 

0 0169 

0 0191 

0 039> 

0 0374 

0 0305 

0 0202 

Flue-gas \olume 

“•isai-isi 

23 600 

20 700 
19,300 
24,900 

21 200 
18,450 

Discharge per 
minute stack 
condition 

Cubic 

meters 

© -s 0 W © 1 C 

© © © 0 h- 

Cubic 

feet 

© lO C © © *' 

a 

0 

Of 

C 

g 

s 

>1 

Z 

0 

■3 

Mean -velocity 

% 1 

^ © 10 -H l-< 

0 0 © © M cr 

w w w w rt Cl 

Meters 

per 

second 

©MI'•©•H^- 

0 0 © ^ 0 © 

-s 0 0 ii 0 

IT 

0 ) -rt "d 

2 Z 

fS 1 1 

29 0 

33 o 

36 0 

27 0 

31 0 

36 0 

Fume sample 

Hg 

found 

grams 

0 0027 

0 0039 

0 0030 

0 0026 

0 0080 

0 0021 

\ olume 
drj at 
0 ®C 760 

mm 

j liters 

160 0 
204 0 

76 0 

69 5 
262 0 
104 0 

Baro- 

metric 

pressure 

stack 

milU 

meters 

I Hg 

© © « 1 - © 5 

fic © 01 sf "ff e** 

1- i- I- i** 

S 5* *0 s 
2 a £; 2 ! 

s I !« s 

2 rt t: 

Centi 

grade 

13 3 

11 3 

11 1 

9 5 

15 8 

12 3 

O' 

9 

01 

Q 

i-iCIW'V©t' 

M ja ^ JH X> XI 

Of 4 > C V 


im 
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During Ihe above teste the following atmosphenc temperatures obtained, for the 
first four readings, 13®C , for the next three readings, 12‘’C ; and for the last one, 11®C. 

Gas Volume,— The gas volume passing through the condenser system was 
calculated fiom the gas velocity as found over a distance of 114 ft m the stack 
flue between stations 6 and 7 

1’he temperature of the gas and the barometric pressure the time of the tests 
were recorded The gas velocity was determined by the H 2 S method described m 
Tich Paper 96, U S Bureau of Mines The mean velocity was assumed to be mne- 
tenths of the velocity as found 

The average of six gas-volume c alculations gives a gas volume of 21,360 cu in of 
dry gas at 0°(^ and 760 mm per 24 hrs , or roughly 0 25 c 11 m per second 

The leakage of an into the condenser system uanes with the natural-draft condition 
and was found to vary from zero to 10 per cent 

A senes of stack -loss determinations were made and the data as found and calcu- 
lated are given in Table 2. 

While these determinations were made in winter under the most favorable condi- 
tions for effective condensation, Ihe loss indicated is exceptionally low, and a large loss 
in the summer months is improbable if the cooling unit is liberally supplied with water 

Clean-up of the Condenser System. — The coiidensei system is cleaned at the 
end of each month The iiee nieicury and the soot aie hoed out of the first brick 
condensei and tamed to the soot pans Then, successively one string of tile 
pipe IS cut off by dosing the shuttei, and beginning at the top of the cooling unit 
the mcrcuiy and the soot are washed and hoed down i)rogressivel> to the lowei 
pipe, from where the material drops thiough the drains into the collecting boxes. 
From here the mertm v and the soot arc taken to the soot pans and worked in the 
usual manner The biu k ( hambers on the third ten ace are only cleaned at long 
intervals, as very little mercuij^ passes the cooling unit 

A fume sample of the gases tiktn at the point where they leave the cooling unit 
indicated a total rhercuiy content of the gases pissing this point in 24 hr of 3 68 lb 
This lesult argues well for the ( ondensing ind baffling efficiency of the tile-pipc cooling 
unit 

There aie no figures of recent date as to the (ost of electing a Scott furnace 
Befoie the war, Scott himself cstimatt'd the cost of a 6()-ton furnace, complete with 
brick condensers, at ibout StiO 000 01 approximately ^1,000 per ton-day capaciU 

The following is a list of m itcn ds rccpiiicd foi a Scott furnace 



10-ton 

40-ton 

50-ton 

C^ommoii bric k 

150,000 

300,000 

400,000 

lure bnck 

12,000 

20,000 

30,000 

Tiles 

188 

360 

428 

Oment (bands) 

Fire cla\, timbei for frame, iron for frame, grates 
hopper, etc 

25 

40 

50 


In all the early installations made bv Scott, the thick brick-wall condenser was used. 
These bnck condensers absorb a great deal of mercury, weie hard to clean up, and m 
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the high temperature parts of the furnace aud condonsers wherever there ie a dead 
space, due to a comer or lack of gas, the HOs and volatilized mercur\’^ would unite to 
form a deposit of mercuric sulphate. This would not be possible in a condensing 
system such as the one described at the Oat Hill furnace, as there are no dead oomnrs 
and the gases were always moving 

In all the early furnace installations m California wood w*as used as a fuel* In 
J910 the New Idria t^me, in San Benito County, C'ahfornia commenced using fuel 
oil, since which time many of tlie plants use this fuel h\iel consumption varies greatly 
with the amount of sulphides in the ore (mostly iron pvnte ) 

At the New Idna mine the fuel consumption on the Scott furnace was about lO.S 
gal of oil per ton of ore (This w as a residuum fuel oil 1 1 to 1 ) At the Oceanic 
mine, in San Luis Obispo (Wnty, California, two 50-ton Scott furnaces used only 
2 to 2)4 cords of pine wood pei day-^n a comparatively heavy sulphide ore. At the 
Oat Hill mine, the 40-ton Scott furnace consumed about 2 coids of wood per day. 
Tn some California mines where Scott furnaces were used on lieavy sulphide ore or 
sulphur ore, notably at the C\)ron!i, Helen, and Sulpliui Bank iiuncs, very little fuel 
was used, the ore being at times almost sclf-roabtiug 

During the war peiiod, the V S Bureau of Mines, under the diioction of Dr, L. H, 
Duschak, made an exhaustive investigation of quukhilver-fuuiace piaclite m Califor- 
nia, particularly at the New Idria mine, in San Benito (’ounty, (California, and the 
Oceanic mine, in San Luis Obispo Countv— the two largest producers of quicksilver 
in California at tliat time 

At the New Idria mine, tlierc wis one 7,5-ton Scott furnuf c and two 80-ton ooarse- 
orc shaft furnaces, at the Oceaiiu, two 50-ton Scott furnaces Tlicse tests proved 
conclubivcly tliat the stack losses from tin Scott fuinacc were vciy small, a point on 
which operators up to th it tirii<‘ were not sure Exh lustivc tests taken over a jicriod 
of many months at both mines disclosed the fact that stack losses haidly, if over, 
assumed a total loss of more than 2 per cent of tlie metal content of tlie ore At New 
Idria on 0 7 per cent ore, Die losb was but I'j lb of quu ksilver per 24 hr , tieatmg 75 
tons of ore At the Oceanic mine on 0 3 per cent ore, it was 6^^ lb , treat’iig 90 tons 
While top, stack, and discharge' losses are controllable to a grcaiter or U'ss extent, there 
18 one foim of loss — that ol absoiption -that was pi utuallv iinjltissible to measure 
and impossible to control win re the old bru k or stone coudenseih were used The 
extent of this loss was proved at the New Idiii and ISic'w Alniad^n plants when the 
condenserb were taken down and quicksiKc'r was followul clown into tlie ground 
underneath them for a depth oi 50 or bO ft This loss would b( entire! v obviated with 
the tile condenser systcun as desc ribed at tlie Oat Hill plant 

The work of the Bureau of Alines on ciuicksilvei was iJescnbed in an article by 
Dr L II Duschak and C N Sdmetteon ‘ Eurne and Othei Disses in Condensing 
Quicksilver from Furnace Cases, fiom which the folk wing is taken 

The work covered b\ this n'port was ecjiiducted by tlu Federal Bureau of Mires, 
through its expeiimerit stition at Bcrkelc'y, C'll , in cooperation with the New Idna 
Quicksilver Mining C^ompany and the Oceanic quu ksilver inmc' Bait of the expense 
was borne by these concerns and tlicir liberality in placing thi'ir plant facilities at the 
disposal of the Bureau of Mines lias gusitlv assisted 1 lie woik 

The magnitude of the metal losst^ incident to the Condensation of mercuiy from 
furnace gases has been a much-dibcubsed quc‘stion among cjuic ksilver operators, but 
aside from the work of Christ> * at Nc^w Almaden, Cal , in 1885 no study of the subject 
has been reported in tins country. An elaborate examination of this cjucistion at the 


* U S Bureau of Mints Tu h /Vtper 9C 

« Christy S B ‘Quickmlvcr Condensation at New Almaden, Cal , ’ Trann A 1 M E , 14 


206 



1242 NON-^FEBinOUM MEfAhLUmf 

Imperial Quicksilver Works at Idria (Krain, Austria) has been made by Caatek*^ 
No satisfactory application of his conclusions, however, can be made to American 
practice, because of the many ways in which this differs from European practice* 
Metal losses, amounting to 30 to 40 per cent of the plant input, have been suspected/ 
at some plants. Unfortunately, the conspicuous lack of technical control at quick- 
silver-reducing plants has usually rendered impossible the placing of even an upper 
limit for condenser losses by calculating the gross loss incident (o the entire process of 
ore treatment. 

The investigation described herein was undertaken with a view to making direct 
quantitative determinations of these losses. 

New Idria Quicksilver Mining Co. — As more than two-thirds of the plant 
output of the New Idria company is derived^from the No. 1 furnace, this was 
selected for study. It is a Huttner-Scott furnace (now commonly known as 
the Scott furnace), with rated capacity of 00 tons daily. In May, 1918, about 70 
tons of fine ore and concentrate, making a charge averaging about 1.25 per cent 
mercury, was being treated in 24 hr. 

Fuel oil of IS^Bd. gravity is used as fuel, there being two burners in the main fire 
box and one burner in the lower (rear) dust or vapor chamber. The fuel consump- 
tion per 24 hr. is about 450 gal., or 2.6 per cent by weight of the charge. 

What is herein designated as the “old"’ condenser system comprised the customary 
series of brick and stone chambers followed by eight wooden barrels, then a blower, 
and a side-hill flue leading to the stack. 

Before the second series of condenser-loss determinations was made, a ‘*new” 
system was constructed, which retains only the first brick condenser of the ‘‘old" 
system. This condenser is followed by a line of tile pipe, then three large wooden 
tanks in series connected with wooden flues, followed by the eight wooden barrels, fan, 
flue, and stack of the former system. 

Oceanic Quicksilver Mining Co. — Two Scott furnaces, with a rated capacity 
of 50 tons each, are in use at the Oceanic plant. About 90 tons of ore, carrying 
0.26 to 0.3 per cent mercury, are treated in 24 hr. 

Wood fuel is used in the main fire box only, there being no booster fire in the rear 
chamber. The total fuel consumption is 2 to 2.5 cords a day, or, roughly, 3 per cent 
by weight of the furnace charge. 

Back of each furnace is a brick condenser, then a series of brick and wooden cham- 
bers, which combine into a common system leading to a side-hill flue and stack. 

I^ses in Condensing Qtiicksilver. — ^A preliminary survey showed that the 
usual methods of fume sampling employed at lead and copper smelters could not 
be used without considerable modification because of the large amount of water 
mist present in the stack gases. The method here described was developed and 
first used at the New Idria plant in May, 1917. 

The gas passed successively through a glass sampling tube, a short Liebig con- 
denser, a water-cooled bead tower, a Hawley filter, ‘ and a wash bottle, and then 
through a small gas meter to a water jet pump, which provided the necessary suction. 

The sampling tube was of glass, about 4 mm. (0.15 in.) in inner diameter, closed 
at one end but having, close to that end, an opening blown in the side. This tube 
Frank, **Die Beatimmung und Verminderung der Verluate beim Queokailberbutten- 
wesen.'* Bcr. Jahrb., M (1910). 1 and 231. 

*Hawi*st, F. G., '*l>etemiaaUou of 80s in Flue Qas/* Eng. Min. L, M (1912), 9S7. 
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wu placed witii the opoung near the middle of the gas stream and ftuingtlifl diitsetfc)& 
of flow. 

The bead tower which followed the Liebig condenser was of glass about 86 iWu 
(1 m.) m inner diameter, and 300 mm (12 m ) long. The upper tWO*thijrds was 
hlled with sohd glass beads supported on a perforated porcelain plate. It is important 
that this plate be notched at the edges so that liquid collecting on the beads will not 
be prevented, by the ^ascend mg gas stream, from draining mto the reservoir beioWs 
Both the Liebig condenser and the water jacket to the bead tower were cooled udth 
ice water or cold tap water 

The Hawley filter was arranged in the usual way with accurately ground funnels 
about 90 mm (3 5 in ) in diameter Soft, rather thick, filter paper was used. A 
section of the inner tube of a small automobile tire, placed with the smooth surface 
next to the glass, gave a firm and air-tight joint 

The wash bottle was charged with sodium hydroxide solution to remove SO* before 
the gas passed to the meter Considerable CO 2 was no doubt absorbed also. A ver* 
tical water manometer interposed between the wash bottle and the gas meter indicated 
the reduction in pressure below atmospheric at which the meter worked. 

In order to insure a steady and easily adjusted suction, a regulating device w*M9 
placed in the circuit between the gas meter and the aspirator This device consisted 
of a tall, glass cvhndei with a two-hole stopper, a movable glass tube for admitting air 
passed through one hole and the othc r carried a T-tube through which the meter and 
the aspirator were ( onnected 

Thermometers were placed m the water jacket of the bead tower, the gasmeteri 
and in the stack carrying the gases under examination 

At each plant a sampling pomt in the flue system was selected, beyond which the 
amount of mere ury recovered was negligible At the New Idna plant samples were 
drawn from the 35-ft wooden stack, a few feet above its base 

At the Oceanic plant an auxiliary draft flue carrying hot gases from a wood fir© 
enters the mam 3-ft flue a sliorl distant e from the stack Samples were, therefore, 
taken fiom the main flue just before the juncture with the auxiliary draft flues. 

Sampling Procedure. — Aftc*i the apparatus, except the sg,mp]mg tube, had 
been assembled, tlic aspirator was started and, by closing the intake end of the 
syfetem, a test was made to ascertain that the system did not leak. iSpecial care 
in placing the sampling tube in the stack or flue was necessary in order to avoid 
contamination by the mercury that coated the interior. Error from this source 
was avoided by wrapping the sampling lube in a strip of paper twisted together 
at the end The paper-coveiod tube was shoved part way into the stack or flue 
and the sampling tube was then punched ihiough the twisted end In removing 
the sampling tube the operation was reversed, the tube was drawn well 
into the paper cover, then the tube* and the paper were withdrawn together. 
After the sampling tube had been properly connected, the meter was set at zero 
and the taking of the sample started by closing a by-pass connected to the suction 
line from the aspirator 

The suction was so legulated that gas was drawn through the apparatus at the rate 
of approximately 2 1 p(T minute At this rate* the velocity of the gas entenng the 
sampling tube was roughly that of the gas stream In spite of the precautions for 
stopping the water vapor and mist, the filter paper gradually became damp, thus 
considerably increasing the resistani e offered to the passage of gas The effect of this 
higher resistance was, in a measure, offset by increasing the suction, which, however, 
was limited by the inability of the moist filter paper to withstand a pressure of more 
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than 100 to 180 mm. of water. Therefore, the rate of sampling decreased gradually, 
but, in view of the low velocity of the flue gases (less than 2 m. per second) and the 
minuteness of the fume particles in suspension, it seems unlikely that the momentum 
of any appreciable number of particles was sufficient to cause them to enter the 
sampling tube except with the gas stream. Difficulty from dampening of the filter 
paper was least when ice water was used in the condenser and in the jacket of the bead 
tower. ^ 

At intervals during the sampling period the flue gas, meter, and water-jacket 
temperatures and the meter and water manometer readings were recorded. Also, 
the barometric pressure was noted, and usually at least one flue-gas velocity determi- 
nation was made by the method described in a subsequent page. Sample taking 
usually continued until several hundred liters of gas had been withdrawn, or until the 
rate fell off considerably. ^ 

The efficiency of the condensing and filtering apparatus in collecting the mercury 
was tested by placing a second bead tower and Hawley filter just after the first set in 
one of the tests. The mercury recovered from the two units was as follows : first tower 
and filter, 0.0199 g. ; second tower and filter, 0.0007 g. Evidently not more than a few 
per cent of mercury mist in the fume samples escaped recovery. 



Fig. 13, — Tiltf^pipe cooling unit. Fio. 14. — Fumo sampling apparatus at 

stack. 


Preparation and Analysis of Sample. — At the close of an experiment, the 
sampling tube, condenser tube, bead tower, and other parts of the apparatus, 
including the rubber connections, which might have collected any mercury, 
were carefully washed with nitric acid. Great care was exercised to avoid any 
salting” of the sample by mercury-bearing dirt. This precaution was particu- 
larly necessary with the sampling tube, which was thoroughly cleaned on the out- 
side before the mercury within was dissolved. 

The glass beads were cleaned by stirring them in a beaker with hot dilute nitric 
acid and subsequently washing them in a funnel. Tliis procedure was repeated at 
least once. 

All nitric-acid solutions that might contain mercury were collected and brought 
nearly to the neutral point with ammonium hydroxide. Hydrogen sulphide was then 
passed in for some time, the precipitate was collected on a filter, and the filtrate was 
again treated with hydrogen sulphide to insure complete precipitation. Any mercuric 
sulphide in the fume sample obviously would not be affected by the nitric acid treat- 
ment, but as the solution was not filtered before precipitation with H 2 S, this sulphide 
would be collected with the precipitated sulphide. 
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This filter paper bearing the mercuric sulphide precipitate and the paper from the 
Hawley filter constituted the sample; this was analyzed by a method developed fOr the 
purpose. 

Flue-gas Volume Determination. — The low velocity of the flue gasos^less 
than 2 m. per second— rendeied the use of a Pitot tube impossible Attempts 
were made to determiye the velocity by shooting a cloud of colored dust mto the 
gas stream but, presumably because of the large amount of water mist in suspen^ 
Mon, the effect at the stack was too slight to be detei mined \^nth certainty. The 
problem was successfully solved bv injecting 10 to 12 1 of hydrogen sulphide 
(HjS) at the lower end of tlie flue and detecting, by chemical means, its appear- 
ance at the end of a measured length of flue 

• 

A large rubber bag with a neck 2 mi in diameter was placed between two boards, 
thus forming a soit of bellows A\ith which the cmtiie volume of hydrogem sulpliide could 
be injected witlun a traction of a sc t oiid A glass sampling tulit u ith sev erul openings 
was placed well across the flue and a sticiin of gas ^\iis dra\\n bj the aspirator from 
this tube through a small gas-washing tube c out lining 1 nr 2 c c of l(»ad acetate solu- 
tion ' A fairly coneemtrated leid acetate solution slightlv 'icidulated with nitric or 
acc'tic acid was found to be most sensitive The liming i\as with a stop watch 

The obseived vc locity was assumed to be a maximum corresponding with that of the 
more rapidly moving central core of the gas si ream The mean vi locily w as computed 
by using the factor 0 9 biscd on Loeb's experiments From the mean vc'Ioeity so 
obtained, and the flue diameter, which was .3 ft at each place, the gas volume was 
computed 

As a check on this method, tin* gas volume was calculated from the fuel consump- 
tion and the carbon dioxide consent ot the stack gases, winch were carefully obsc'rv'ed 
during a three-day period This calculation showc^d a stne Iv-gas volume of 75,800 
til in of dry gas at standard conditions pt»r 24 hr The average dc lived from three 
vedocitv determinations dining this period w is 72, 100 c u m In yiew of the difficul- 
ties involved m detci mining flue-gas volume s, thf agree me nt is < onsielered satisfactory 

Calculation of Results. — In ealc iilatiiig the stack loss from the r<*sults of the 
fume sampling, the volume of drv gas at standard conditions was used as a basis 
The observed volume of the samirle, as indie ateei by the meter, was eorroctod for 
the meter temperature and for the paitul pressure of the dry gas This latter is 
equal to the leading of baioinetric pressure decreased bv the acjuec)u«» tension at 
the meter temiierature and bv the leduccd piessute uiidtn which the mc'ter 
operated, as indieated Iry the manomcdcT A further collection, in the sense erf 
inereasing the sample volume h\ about 4 ])er cent, was neec‘ssarv because of the 
carbon dioxide and sulphur dioxide absorbed b'\ the wash bottle preceding the 
meter 

Similar corrections based on the mean flue* tcmpcTaiun, thc‘ liarometnc picsbuie, 
and the tension of water vapoi were applies! to the flut-j^as volume. 

As the sampling procedure did not toinjrlcqely remove all mercury vapor from the* 
flue gas, a correction based on the vapor tcmsion of mereury at the mean temperature 
of the Liebig condenser and bead tower must be added to the figure for mercury 
recovered The earlier values for the vapor tension of mercury below 300®C , includ- 

iLobb, t , “The Pitot Tube Applied to the Meusurement of Air, Jour Am btwj Nav Eng, 
24 (November, 1912), 11K> 
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ing those of Re^uult/ which have been used rather generally In motalluiigical caieula* 
tions, are much too high. 

Results. — summary of the fume-loss determinations is given in Table 3. 
The losses shown are to be taken as minimum rather than maximum, since suOh 
analytical and other errors as were present would be negative. The variation in 
individual results may only in part be charged to experimental error, because the 
furnace conditions, particularly at New Idria, where concentrate was charged at 
intervals, were not constant. 


Table 3.— Mercury Losses in Flue Gas at New Idria and at Oceanic 



New Idria 


Item 

Old 

system 

New 

system 

Oceanic 

Mean temi>erature, degrees C'entigrade 

39.4 

37.7 

31.9 

Observed loss pt^r cubic meter of dry gas at stand- 
ard conditions, grams 

0.0393 

0.1145 

0.0556 

Volume of gas at standard conditions corre- 
sponding to 1 cu. m. of stack gas, cubic meter . 

0.734 

0.742 

0.846 

Total loss per cubic meter of stack gas, grams of 
Hg 

0 029 

0.08.5 

0.047 

Vapor loss, grams of llg 

0 059 

0 052 

0.034 

Mist loss by difference, grains of llg 


0.033 

0.013 

Mist, per cent 


39 

28 


According to th(\so calrulations the gas leaving the old condenser system at New 
Idria is only half saturated witli mercury vapor. This result may seem somewhat 
surprising, but \^as prcisumably due to the large amount of air leaking into the con- 
denser system at various points, and to the slow rate of evaporation of the mercury 
particles covered with a protecting water film. A similar unsaturated condition, as 
regards arsenic trioxide in the flu(^ gas from a copper smelter, is noted in Tech, Paper 81 
of the Bureau of Mines.® 

It is not at all certain that in the other instances the stack gas was saturated 
with mercury vapor, although enough metal for this purpose was present. 

That the mercurial pailicles leaving the stack are largely free metal is indicated by 
the following analysis i>f sludge fnim the base of the stack. After separating, by 
centrifuging, as mucli free mercury and water as possible, the air-dried residue had the 
following composition: 

Analysis of Residue 


Per Cent 


Hg (metallic) 64.3 

Hg8 5.0 

Mineral matter (non-volatile) 4.2 

Moisture, acid, and organic matter (by difference) 26.5 


Total 100 . 0 

^ Reqnaclt, “Forces closthiues des vapeurs a saturation dans le vide,” Mem, Acad. Sci. Fram;e, 
Se, (1802), 331). 

* Welch, H. V., and Dubchak, L. H., “The Vapor Pressure of Areenio Trioxide," Bureau of Mines, 
Tech, Paper 81 (19X5), 20. 
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Compuison with Previous Results. — Christy,* from s careful study of the 
operation of one of the fine-ore (feerro) furnaces at New Aknaden, which lec^ved 
320.9 kg of mercury in the form of 1 51 i)er cent ore per 24 hi , accounted for the 
metal input as follows 


Distribution of Mlucury in Trlatino Okf ai Ntw Almadj v, Cau 



Feb Cent 

Direct yield 

92 

71 

Residue loss 

0 

60 

Vapor loss 

1 

73 

Mist loss (by difference) 

4 

90 

Total 

100 

00 


Taking his figure for Ihe gas volume leaving the sliuk at 20°C us 24,300 eu m per 
24 hr., the above loss is equn alcnt to a mercury content of 0 (>5S g to the cubic meter. 
Of this content 0 232 g is charged to \apor loss through the use ol an erroneous 
value for the vapor tension of mere uiy at this temperature, ''riie correct value for the 
vapor loss ib 0 0132 g to the cubic meter No diiec 1 detcTminations of stack loss were 
made by Christy, and, as the valucb that he adopted were obtained by diflferonce, it is 
likely that they include losses occurrmg in other ways lnaccuracu*s in sampling 
and assaying would also affect his result. 

Castek’s* paper on losses at Idiia, Austiia, ecnitains a tabulation of stack-loss 
determinations that indicate an a\eiagc conlent of 0 00232 g of mercury per cubic 
meter of stack gas. With a gas volume of approxiniatc^ly 177,000 cu m (stockcondi- 
tions 15®C and 724 mm ) per 24 hr , the daily loss was, theic'fore, 41 1 g , which was 
about 0 03 per cent of the daily production The iliove hgun for the im^ic ui y content 
of the Idna stack gas ib much l(*ss than the valueh given in Table 3 Apparently, 
however, the sampling procedure at Idna, whic h is bneflv described as filtration of the 
stack gas through a plug of glass wool or asbestos in a glass tube, was designed to stop 
only the mercury mist 

Castek* says that a number of ittcmpts to detect a vapor losrf gave umfoimly 
negative results. Apparently, the stack gas was far fiom being saturited with mer- 
cury vapor. Castek, howcvci, adopts the ernmeous value used h\ ('hnsty in c»al- 
culating the vapor loss and thus amves at a v due about t went > -five time's too large. 

Discussion. — The stack lossc^s that the authors found are very small and 
represent at the New Idna furnace less than 1 per cent and at the Oceanic less 
than 2 per cent of the mercury input, but it is instructive to determine whether 
the relative magnitude of these losses is in any way related to the form of con- 
denser system in use The old system at New Idna consisted of the (‘onventional 
brick and stone chambers, followed by wooden barrels and a side-lull flue and 
stack In the new system only the first brick condenser was lotaiued From 
this a tile pipe led to the first of a series of three wooden tanks of about 9,000 eu ft. 
capacity each. A stream of cold air equal to about one-third of the gas volume 
leaving the furnace was introduced into the tile pifie just beyond the first brick 
condenser. The 10-in pipe carrying the air stieara was introduced parallel to 
the center line of the tile pipe. A water spray was injected with the air 

' Chbzbtt, S B , “Quickailvor Condensation at New Almaden Cal ' Trana A I M C 14 ( 1881 ), 
206-265 

« CaBTBK. Fraot, “Die Beetiminuiig und Vermmderung d* r \ irluste beim Queckmlb'rhuftpnwewwi,’ 
Berff und HnUenm Jahrb , M (1910) 235 

» Oastbk, Franz, op tti , 239 
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The condenaer system at Oceanic consists largely of rectangular wooden chambers. 
Rueh data pertaining to these condenser systems as may have a bearing on fume 
losses is assembled in Table 4. 


Table 4. — Data on Condenser Systems 


Item 

New Idna • 

Oceanic 

No 1, old 

No. 1, new 

No. 1 

No. 2 

Interior volume, cubic meters 

489*0 

1 

1,098 5 j 

723.9 

1,090 0 

Interior area, square meters 

1,331 8 

1,051 5 

1,555 2 

1,606 9 

Matenals of construction, percentage 
of volume enclosed by. 





Iron and tile 

1 00 

1 20 

0 80 

0 60 

lirick and stone 

63 00 

8 20 

27 00 

16 00 

Wood 

31) (K) 

<K) ()0 

72 20 

83 40 

Length of gas path, meteis 

261 0 

253 0 

105 0 

166 0 

Changes of direction of gas stre iin 

52 

20 

25 

12 

Changes of velocity of gas stieam 

48 

24 

30 

10 

Gas volume, cubic meteis at stack 
conditions* 

i 




Per 24 hr 

09,800 

97,430 

62,800 


Per ton of ore' 

1 , 100(60) 

1,400(70) 

700(90) 


Per kilogram of Hg' 

116(600) 

118(825) 

370(170) 


Mean flue velocity, meters per sc'coiid 

1 37 

1 91 

1 23 


Mean stack temperatuie, degiees Centi- 





grade 

39 4 

37 7 

31 9 


Hg content per cvibu meter of gas. 





stack conditions, grams 

0 020 

0 085 

0 047 


Loss of Hg per 21111 , kilograms 

2 01 

S 18 

2 94 



1 Figurct) m parenthesis indicate appruximatt daily (luicksdvir production in kilograms 


As regards the old and the nt'w byhtems at New Idna, tlie daily loss from the latter 
was roughly four times that from the foimei , although the \ olume of the new condenser 
system is more than double that ot the old On the other hand, the factors favormg 
a larger loss from the new system were a gas volume 50 per cent larger, with a con- 
sequently higher mean velocity tRniughout the condensei system, and fewer changes 
of velocity and dir' ction in the gas stream. The fmal stack temperatuie was essen- 
tially the same in both systems. 

Comparison of the old system at New Idria with the Oceanic system shows that 
the equivalent volume of the latter, which is composed of two partly sc'parate sys- 
tems, is about tw'ice tliat of the former; also, the mean stack temperature at Oceamc 
IS considerably lower In spite of these favorable factors the daily mercury loss is 
a little larger It is to be noted, however, that the number of changes in velocity 
and direction of the gas stream is distinctly less at Oceamc. 

A permissible conclusion from the data just presented is that the baffling effect in 
the conventional brick or stone condenser system is considerably more effective in 
recovering quicksilver than is a mere mcrease in condenser volume 
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It m obvious, of course, that the gas volume should be as small as possible. For a 
given condenser system, other things being constant, an increase m the gas voKitne will 
produce more than a proportionate increase m the mist loss alone, because the higher 
velocity of the gas stream will considerably increase its carrying power. Richards^ 
says that the carrying power of the gas stream is probably proportional to the cube of 
its velocity. The vapor loss, assuming the stack gas to be saturated, would he pro- 
portional to the volume 

As regards vapor lofes, a reduction to iO^C of the temperature of the gas leaving 
the new system at New Idna would convert nearly three-fourths of the escaping 
mercury vapor, equivalent to 3 6 kg (8 lb ) pei 24 hi , into mist which could be 
recovered if recovery were deemed worth while A similar reduction m temperature 
at Oceanic would convcit, roughly, three-fifths of the vapor equivalent to 1 2 kg 
(2 6 lb ) per 24 hr , into mist 

The mercury particles in suspension, as has been suggested above, can bo partly 
removed from the gas stieam by suitable baffling An elaborate senes of expenments 
on the separation of suspended particles from tlie gas stic^am by different methods of 
baffling was conducted at the (ireat J<alls plant of the Anaconda Coppei Mining Com- 
pany several years ago Fiom consideration of tlie amount of dust collected, the 
interference with draft, and other important factors, including the cost of construction, 
it was concluded that baffle's consisting of wires hung veitically a few inches apart 
were the most effective* * In a quicksilvei condensc*r veitioal strips of w(X)d might be 
used instead of wires 

Without doubt, the most effective way of recovering all mercury m suspension 
would be by electrical prccipit ition This method has he'd! employed by the New 
Almaden Quicksilver Mining Co , m connc'ction with its Ilcrrcshoff fumacc^s, both foi 
removing dust from the hot gases and for rocovcimg meieuiy mist from the final stac»k 
gases. 

The practicability of installing n system foi iccovcnng the* mercury mist from the 
stack gases is a question which vould rcciuirc study at cacdi plant A more* detailed 
consideration of this question and of tlie gi*ncril (onduiser problem is reserved for a 
later papei 

Water Losses. — Water escaping fioin a condenser system may carry mercury 
( ither m the form of minute metallic particles, common^ (ailed flowered mercury, 
or in the form ol Ineleur^ salts in solution ('ast('k® f oncluded tliat at Idna the 
mercur} loss in the water leaving the fiist portion of the condenser system, whicli 
was constructed of vitiified stoneware pipes, amounted to about 0.1 pei cent of 
the input, or, roughly, 17 kg a day 

The question of water losses was investiga1(*d coincident with the determination 
of stack loss With the old condenser systcun at Nc»w Idiiu it was impossible to 
measure or to sample accuratc*Iv the water Ic'avmg the* cond('usc‘r system, as an 
unknown amount escaped thmugh the bottom of tin buck and stone condensers into 
the earth A sample of watei t ikcn shortly after olcan-up and probably carrying 
more than the normal amount of mercury was found to contain 0 1.5 g of mercury per 
liter. In the abseiue of a direct determination, the /maximum amount of water 
that might escape from the condenser system was calculatc'd by deducting from the 
total amount leaving the furnace the part escaping from the stack as mist and water 
vapor. This lattc^r figure was arrived at from some rough obsc'rvations taken in the 

* Hichakdr J W * Mttallurgical Calculations ' part 3 pp 030-flll 1908 

* Goodalb, C W and KLBPiNaxR I H Tht Great Falls Flue System and Chimney, ’ Tram 
A I M £ , 46 (1013) 5S3 

» Castek Fban* "Die Bestimmung und Vc rmindrrung cler \ < rlusti bcim QuecksilberhuttcnwefieTi,'* 
und HutUnm Jahrh , 98 (1910), 231 
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course of the fiune sampling. On that baais the waste water was loimd to somi^ 
thing less than 2,000 L a day. If this is taken as an average value, the corresponding 
mercury loss is 0.3 kg. (0.66 lb.) a day, or 0.05 per cent of the furnace output. 

In operating the new condenser system, water was sprayed into the gas stream 
and also applied at a number of points to the outside of the wooden tanks and pi|^ 
connections. This cooling water, with the water condensed from the furnace gaseS, 
escaped from the system at two points. The water from the first and second wooden 
condensers flowed through a series of launders to a single v^ooden settling box and 
thence to waste; that from the rest of the system passed through a long series of 
launders and then through several settling boxes. A number of measurements were 
made of the volume of water leaving each section of the condenser system under 
varying conditions, and average samples were taken from each water stream at the 
point where it finally ran to waste. The results of these observations are given in 
Table 5. 


Table 5. — Water-lohr Data, New Condenker System, New Idria 



Conditions 

First 
section, 
tanks 1 and 
2 

Second 
section, 
tanks 3, 
etc. 

Mercury in solution, grams per liter . . 

Normal 

0.0404 

Trace 

Mercury in suspension, grams per liter.. . 

Normal 

0.0412 

0.0056 

Mercury in solution, grams per liter ... 

Just after 




run down 

0.0088 


Mercury in suspension, grams per liter. 

Just after 

0.1396 



run down 

26,300 

8,770 

Volume of water per 24 hr., liters 

Normal 

40,900 

29,650 

Volume of water p(ir 24 hr., liters 

Maximum 

2.14 

0.049 

Mercury lost per 24 hr., kik)grams 

t 

Normal 




The so-called norraal loss was thus 2.14 kg. of mercury per 24 hr. To this must 
be added about 0.5 kg., rejjresenting the. additional daily loss occasioned by the 
agitation of the daily run down. This leads to a total loss of 2.64 kg. (5.8 lb.) a day. 
The corresponding loss for the maximum water volume observed would be about 
one and one-half times this. 

At the Oceanic plant all condenser water went to a single settling tank. A sample 
of the overflow from this tank was found to contain 0.018 g. of mercury per liter. 
With an estimated daily flow of 1^500 1., the mercury loss would be 0.027 kg. (0.06 lb.). 

The relatively large lo.ss in the new system at New Idria may be attributed pri- 
marily to the increased quantity of water which was, roughly, twenty times that in 
cither of the other systems. Under normal conditions alx>ut 50 per cent of this loss 
was due to metal in suspension, and during the period of the run-down the mercury 
escaping was largely in this form. No doubt a considerable proportion of this sus- 
pended metal could be recovered in a suitable system of settling tanks. 

The mercury in solution was probably present as sulphate, resulting from the 
action of sulphuric acid on the metal. Mercury can be completely precipitated from 
solution by scrap iron, but if the condenser water contains much acid, the consump- 
tion of iron might be out of proportion to the mercury recovered. At New Idria it so 
happened that the water supplied to the condensers contains alkali enough to neutral- 
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126 the acid from the furnace, so that sometimes the water leaving the condenser ays-* 
tern was actually alkaline Under these conditions the wastage of iron should be 
small. 

Other Sources of Loss. — Although the loss of metal is not susceptible of 
measurement, certain other ways in which mercury may escape from the con- 
denser system deserve mention. 

It is the usual practice both m this country and in Europe to avoid the danger of 
mercury loss through gas leakage by operating the condensei system under a slightly 
reduced draft. There can be little question as to the wisdom of this procedure, for 
a slight escape of menmry-laden gas will result in a vastly greatei loas than tliat ocoa* 
sioned by the inward leakage of a like amount of air For example, the daily leakage 
of 2,500 cu. m of saturated gas, at J00°C^ , would result in a vapor loss of 8 1 kg 
(17 8 lb.), and the actual loss would probably he somewhat greater because of mercury 
particles m suspension This volume ib less than 5 pei cent ot the gas flow observed 
at the Oceanic plant 

As an inward leakage of air amounting to 20 to 50 per cent of the gas stream has 
been observed at several furnaces, it is evident that a large loss would result from an 
equal outward leakage The danger of senoub loss is greai(*s< close to the furnace 
where the temperature is high and tin iinnur^ content id the gases large The 
pressure at the top of any condeiisiiig chamber will b* greiter than at the bottom, 
and for the taller parts of the (ondoiisti system, paitunlarly those near the furnace, 
there may be a considerable pressure difTirerifc An iriwaul draft at th<‘ bottom does 
not necessarily mean an inward draft at the top Moreover, owing to the moie 
vigorous air cuirents near the top of tlie condeiisti system, leiks in that region 
may not be evident All parts of a coiidenser system should be readily accessible foi 
inspection, and inclined draft giges, such as the Ellison gage, may be used at danger 
points with advantage, to indicate whetheu a safe condition of inward draft is b<*ing 
maintained 

Absorption Losses.— Under absorption losses arc incluclc'd those loHses 
arising from the penetiation of the coiulc risci in iIctuiI 1)V men ujy As has Ix^eu 
pointed out by C’astok' and otlitTs this loss is most noticeable with a new con- 
denser system and the mercury letaiuecl bv the condensei matciial is sufipoHcd 
to be recovered eventually 

Mercury loss, howe\ei, can occur through tlm use of pervious condenser material 
m ways that do not appear to have been lecogni/cd Om* of the aulhoTS of this 
paper has observed that when in the course of the periodic ‘‘cl(Miti-ui)H Mhe interior of 
the bnek condensing chambtrs flo*^! to tlir furnace was w ishrd with water a sliower of 
mercury was apt to fall from the outer surface This was presumably due to the 
expulsion of mercury contaiiied in the poics of the brickwork by steam arising fitim 
the water that penetrated the hot condenser wall A sirnilir action may take place 
automatically at certain points through fluctuitions in temperature and in moisture 

content of the furnace gases , , , if 

The phenomenon just cited supports the common hchef that the brickwork of an 
old condenser system is pretty well saturated with mercury. When this conditicm 
exists, a considerable surface, in the aggre^gate, of mercury may be exiiosod on the 
oxtenor of the condenser system, and wliere the temperature is high it not unlikely 
that considerable evaporation of mercury occurs. The possibjliti<>s in tins direction 
arc indicated by some calculations made from data presented by Knudsen.* 

» Kn™ »n!^*MaRtin, “Die maximale Vcrdampfung««chwindigkwt dea (Jue* kailbcre/’ Ann Phv$tl . 
47 (11116), 607-708 
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The amount of mercury that should theoretically evaporate in 24 hr. from 1 sq. 
m. of mercury surface in vacuum is, roughly, as follows: at 100°C., 10,000 kg,; at 
50®C., 480 kg.; and at 30®C., 110 kg. This enormous rate of evaporation has been 
nearly attained in actual experiments in vacuum, but in the presence of other gasea 
the rate would be very much less. Assuming that mercury exposed to air will evapo- 
rate at only one-thousandth of the above rate, the amount of metal which may be lost 
in 24 hr. per square meter of surface exposed is still large. Moreover, the appearance 
of some of the condenser systems now in use suggests that the' aggregate mercury sur- 
face exposed may be considerable. 

These considerations emphasize the desirabdity of building condensers of material 
impervious to mercury vapor. 

Mechanical Lrosses. — Mechanical losses of mercury may occur through leaks 
in the bottom of a condenser system and thr6ugh spattering during “clean-ups.” 
The older practice of building condensers on or close to the ground makes proper 
inspection practically impossible, and the quantities of mercury that have 
recently been recovered from the ground below condenser foundations at two 
plants in California are convincing evidence that this source of loss should not 
be neglected. 

The practice, now favored, of supporting condensers well above ground, with 
properly inclined concrete floors })eIow, liirg(»ly eliminates the danger of mechanical 
loss. 

Conclusions as to Condenser Losses. — The condenser losses that can Ixi 
accurately measured represent at most only a few per cent of the jdant output. 
One should not conclude from this, however, that tlie overall efficiency of condens- 
ing systems now in use is of the order of 95 per cent. The losses mentioned 
above have undoubtedly been large at times. The point of fundamental impor- 
tance established by this investigation is that there are no inherent difficulties 
that prevent the recovery of at least 96 to 99 per cent of the mercury vapor 
entering the confienser system. 

The Rotary Furnace.— This furnace and condensing system was perfected 
during the war period (1917 to 1918) at the New Idria mine, in San Benito 
County, California, and at the Sulphur Bank mine in Lake County, California. 
Since the first furnace was completed in 1917, practically all new quicksilver 
furnace installations have been of this tvpe and over three-quarters of all the 
tonnage of quicksilver ore in the United States is now burned in these rotaries. 

The fivc-fumacc plant built at the New Idria mine has the largest capacity of 
any quicksilver reduction plant in the \^oild. The furnace is built to treat quicksilver 
ores of all kinds under any and all conditions, from wet ore, mud, or dust up to mate- 
rial that will pass through a 3-in. ring \Mth no preliminary drying on wet ore. 

Each furnace and condensing system is built as an individual installation and made 
to meet and conform with the requirements and peculiarities of each kind of ore to 
be treated. 

A few of the many advantages claimed for these reduction plants are as follows: 
lower cost of installation and maintenance and fuel economy; an advantage claimed 
over the shelf furnace is that both charging and drawing are mechanical, eliminating 
the personal element; labor costs are very low and the work easier for the operator; 
no salivation of workmen, as there is no leakage of fumes; will give almost complete 
extraction on ore carrying free mercury and will roast effectively very fine ore or dust; 
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can be fired and running at capacity with oil or gas m less than 2 hr ; to shut down one 
simply shutsoff the fire Any large brick and tile furnace reqmres six to eighteen days’ 
time to fire up and several days to close down. 

A rotary of the latest type can be relined in a short time-— one to four days^ while 
a brick and tile furnace would require about three months to reline completely with 
new tile throughout 

There is no absorption of quicksilver m the furnace and very little m the condens- 
ing system — never over d few flasks and only a small fraction of what sometimes was 
tied up m the old-time brick condenser 

The condenser system is easily cleaned up. Much less labor is required and less 
chance of mercurial poisoning of the opeiators 

As the ore is roasted in a short time - 30 to 60 min —it is always in motion and 
never inert, allowing the mtreury fumes as soon as ^apo^l7ed to be carried away to 
the condensers at once, obviating the possibility of tlie formation of mercurous sul- 
phates, chlorides, etc 

The rotary furnace is a tube of the revolving meiit-kiln t\i)e, arranged with the 
necessary scaled joints at eadi end, fire box, dust chamber, etc , to roast quicksilver 
ores 

They have been built so fai m four sizes and of ^ irymg lengths as follows 


Diameter, 

I FNCirH Tebi 

Cai*acity, Ton* 

2 

24 30 

10 TO 25 

3 

36 48 

25 TO 60 

4 

56 64 

60 i<> 120 

5 

72 84 

70 ro 150 


The character of the ore determines the length of the tube, also its mdination, 
which ranges from to 13^2 ft , and the kind of tondensmg system necessary 

A 4-ft fuiimce (inside diameter) 60 ft long is midi of *i-m sted jilitc with a 6-ft 
taper end on the upper or fc^ed end It is flush rn (‘tc d on th(‘ inside to facilitate lining 
and butt strapped on all longitudinal seams and re inforc c d witli hi avy ^-m plate for 
a distance of 4 ft , where the riding rings ind gt ii iings aie plaied The kilns have 
two heavy riding rings of last chrornc-vinadium stid, plaied about !i quarter of the 
distance from each end and turn on roller trunnions riioniited on cast-iron solo 
plates The upper ruling ring is fitted with thrust lollors to hold the tube in place 
Each furnace *''ltcd with rub-ring expansion joints on each end, at the fire box 
and whe-re the tube projects (about 12 m) into the dust chamber. The ore is fed into 
the tube a distance of 4 to S ft 

Several types of feeders arc* used depending on the kind of ore fed If dust or 
mud, a screw feerlcr is sometimes usi d < )n < oarse, granulai ore a rec iprocaiing shaker 
feeder, commonly called a ‘grasshopper,” is very efTc'ctivi 

On the small 2-ft. tube a sho\> feeder has been developc^cl that gives good rcjsults 
The tubes are lined with fiii brick cast in spe cial si/es made to fit each diameter of 
the circle and ranging m thicknc ss from 4* 2 to 6 m These should be made of good- 
quality material, well glazed and hard burned 

The life of a tube lining depends on the hardness of tlu' ore and will range from 
eighteen months to hve years. Kelining is a companitfvely small job and entails 
only a short shut-down 

It IS claimed that oil, gas, coal, or wood tan be used as fuel If wood or coal is 
used, a special fire box is constnic-ted outside, the heat passing through an opening 
directly into the tube 

Fuel oil (residuum of 14 to IS^Bc ), however, is used m C’ahfomia and a brick hcxid 
18 built over the fire end of the furnace and the burner (generally a high-pressure type) 
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IB passed through a small opening directly into the tube 3 or 4 ft. Compressed air, 
or sometimes steam at 30 to 50 lb. pressure, is used to atomize the oil. Sufficient ait 
for combustion is admitted through a door, generally below and over the bumed«ore 
bin, and carefully controlled. 

The burned ore leaving the tube drops on a gentle slope into the bumed-ore bin, 
which should be made large enough to hold at least two shifts’ run. 

The flow sheet of one of the furnaces is comparatively simple and on a 4-ft. instal- 
lation, as at the Cloverdale mine, Sonoma County, Califorrfia, is about as follows: 

The ore coming from the mine is passed over a grizzly with the bars spaced 2H in. 
apart, the oversize going through a jaw crusher and dropping into the ore bin. It is 
fed from the ore bin either with a Challenge feeder or by gravity to the shaker feeder 
directly into tube, through the dust chamber. 

The tube (on an inclination of % in. to the foot) revolves at the rate of one revolu- 
tion in 55 sec. The ore gradually works dowil the tube, cascading somewhat in the 
fashion of ore in a tube mill. 

The flame from the burner plays down directly on the ore just before it leaves the 
tube, heating the ore and also the lining of the tube, which is always turning under the 
ore. As the ore is heated, the mercury fumes are liberated and carried up the tube by 
the draft, the excess heat drying and heating the incommg ore in the upper reaches of 
the tube. 

From the tube the gases pass into a dust chamber of brick or reinforced concrete 
6 ft. wide, 12 ft. high, and 20 ft. long. In this dust chamber all the heavy dust is 
dropped and can be cl(‘aned out when necessary through doors at the bottom. At the 
far end of this dust chamber a tower rises 16 ft. high, through which the gases pass, 
and thence down on a 45-deg, slope through an 18-in. round boiler-plate exit pipe to 
the condenser system. 

In this exit pip(‘ are placi'd three or four high-pres.sure Cyclone water sprays, 
spraying in the dire(*tion of travel of the gas stream. These spray.s knock down most 
of the remaining dust, which is collected in a concr(*te box at the bottom of the exit 
pipe. 

This dust curiies considerable (piicksilver and is retorted or recharged in the 
furnace. i 

The concrete box into which the exit pipe enters is 24 ft. long, 2 ft. wide, and 3 ft, 
high, inside measurements, with reinforced-concrete walls 12 in. thick. It is divided 
into 4-ft. compartments '^Fhe first (»nc, No. I, mentioned above, receives the dust 
from the exit pipe; the next one, No. 2, is divided from the first by a low wall 12 m. 
high. From this compfirtnient two 15-iii. double-strength, highly glazed, vitrified, 
round tile pipes leave at an angle of 45 deg. The.se tile lines arc 25 ft. long and lead 
up on a scaffold to a platform to another junction box made of 2-in. plank and lined 
with 6 in. of concrete. Hu‘ gas stream passes up through the.se two pipes, thence 
back through two more to compartment No. 3 of the low er concrete box. This cycle 
IS continued from thrt'e to five times, depending upon the character of the ore burned. 
There is generally about 300 ft. of glazed tile pipe used in a four-funiace condensing 
system. As the gases come dowui the last time into the concrete box they pass out 
through a short pipe line of the same character to a settling chamber. This settling 
chamber is made of 1 by 6 in. flooring, and is 6 or 8 ft. in each dimension in cross- 
section, and 20 to 40 ft. long, wdth the floor and roof at an angle of about 40 deg. to 
facilitate the clean-up as all quicksilver, and soot drops out through doors into a 
wooden or concrete launder and i.s carried to the general clean-up. 

From this settling chamber the gases are carried by the same tile pipe to a stack. 
If the terrain is favorable, this stack can he situated at considerable elevation above 
the plant — 100 to 160 ft. — in which case there will be sufficient natural draft to carry 
the gas stream through the plant. If this is not possible, it is necessary to install a 
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blower of the Root, or positive, typo to aid the draft. In Califomia plants thou^ tWe 
is hardly ever found necessary. Draft regulation on these furnaces^ or on any other, 
IS a very important factor and very close consideration must bo given to natural condi- 
tions before the plant is installed, especially if situated in a cation or in any point 
subject to variable air currents. Whether with natural draft or with forced draft, a 
very careful control is necessary at all times. 

TJ^ere a heavy sulphide ore is burned, it is generally advisable to introduce a 
considerable amount of free air at low pressure into the gas stream in the exit pipe 
leaving the dust chamber. This also aids the draft from the furnace if the same is 
necessary. 

These furnaces can be arranged in many diffei-ent ways with the dust chamber 
extending either to the right or left of the feed end of the furnace. The condensing 
system can lead away from the dust chg-mber m almost any direction, depending upon 
the location. It should be arranged in such a manner as to bring the elcan-up as 
much as possible in one place. All clean-up should be made on concrete floors and 
all water from the condensing systom untl settling chamber, tile lines, etc., should be 
passed into settling tanks of ample capacity. TJie plant can bo cleaned up once a 
week or once a month. If arranged in the prripci manner, this clean-up can be made 
in a couple of hours by one operator. Generally, t ho soot and the quicksilver as taken 
from the condensers are mixed with lime and hoed. The residue can either be 
recharged in the furnace or burned in a retort. 

In all installations to date, one operator on a shift is suflicient. All large instal- 
lations, say four furnaces, can be handled with two or three men per shift. 

The Herreshoff Furnace. — This is a circular, incchaiii(*ally labbled furnace of 
the MacDougall type. One of these furnaces has been in operation at the 8(3nator 
mine of the New Almaden company since 1917. It is 14 ft. in diarnet/er and has 
six hearths with air-cooled shaft and rabble arms. It has a cai)acity of 34 to 
40 tons per day. 

On account of the large amount of dust raised and thrown into the fume circula- 
tion as the ore is rabbled from hearth to hearth, it was found necessary to install a 
Oottrell dust precipitator between the furnace and oondenbing system. 

Though roasting the ore satisfactorily, the high cost of rnamtiuianco and oper- 
ating, the necessity of having electric power to operate th(‘ Oottrell dust precipitator, 
and tlie comparatively high fuel consumption — all militate against the general use 
of these furnaces. 

In the reduction of low-grade quicksilver ores today in this country a furnace 
plant and condensing system should ha\e these general specifications: 

It should have large capacity with low fuel consumption ind as near ns possible 
perfect draft control. The labor required should be reduced to an absolute minimum 
—100 tons per day with one man per shift is possible. 

The ore should be roasted as quickly as possible consistent with fuel economy and 
the mercury fumes carried out of the furnace into the condensing system under a 
moderately strong draft. 

The condenser system should be arranged so that clean-up can be maile in as small 
a space as possible to avoid spillage and unnecessary handling of soot and quicksilver. 
Hoot and quicksilver should at all times be handled on concrete floors. 

All tile lines, settling chambers, conduite, and launders should be well up off the 
ground and, if possible, over concrete floors, so if leaks develop they can bo seen at 
once. All concrete work inside the condensing unit should be paintinl with a heavy 
gilsonite paint on the inside and with any good asphalt ic-hase paint on the outside. 
This precaution is particularly important if the ore is a heavy sulphide or carries free 
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sulphur enough to make much sulphuric acid. If arsenic or antimony is present m 
tJie ore, other complications may arise 

The entin* system should be free from any leakage of fumes and, if from any cause 
there is leakage, the walls and the roof should be kept washed down to avoid chances 
of mercury poisoiimg of the operator. 

Concentration of Quicksilver Ore. — While milling and concentration of quick- 
silver ores have been tried at several different mines m tluj country over a period 
of nearly twenty years, and though some of these efforts have been successful 
from a commercial standpomt — more particularly during the war and the penod 
of high prices — nevertheless it can hardly be said that any plant has been a 
success as far as high extraction of the metal is concerned 

The first concentrating plant of any size of. quicksilver ore was at the Manzanita 
mine, in Colusa County, California From 1904 to 1912 this mine produced about 
2,000 fiasks of quicksilver, most of which was obtained bv means of concentration 
The ore was crush(*d in a 5-ft Huntington mill to 20 mesh and concentrated on six 
Gilpin County bumping tables, the tailings from which passed to cone classifiers, the 
overflow of which was passed over a belt vanner The concentrates, averaging about 
35 per cent llg, were roasted in a Johnson-M< Kav n toit 

Later a similar plant was built at the Oat Hill, Napi County, and the Oceanic, 
San Luis Obispo County, mines During the war peiiod, with its stimulation of 
prices, coiisiderabk concentiation was earned on m the state, notably at the New 
Idria, Oceanic, and Sulphur Bank mines These plints were of 500, 300, and 500 
tons daily capacity, respectively As these plants hi\e been described by Bradley 
in Bvll 78, ''Quicksilver Hesounes m California,” no fuilher dc'sciiption of them will 
be made here, and no further comment made on the concentiation or flotation of 
quicksilver ores, except to say that only in isolated instances would concentiation be 
successful One reison for this is the fact that neailv anywhere m this country ore 
can be furnacial thdiptr th in it can be gnmnd and with an extraction of 95 per cent 
and better, while any milling and com entratmg plant, followed by flotation, will 
not make over ^0 or 85 per cent extrai tion, with the concentrates still to be loasted 

Extraction of Mercury by Alkaline-sulphide Solutions. — Though up to the 
present time no ( oinmcrcial jilaiit has produced ciuicksilver from mine ores by this 
method, never theless it has possibilities In 191 5 a c ommercial plant of this type 
was oiierated at the Buffalo mine, Cobalt, Out , and this is described by Thornhill ^ 
The process developed at the Buffalo mine for this purpose consisted in leaching 
out the mcicuric sulphide with a caustic alkaline sulphide solution, then precipitat- 
ing the mercury from the solution with metallic aluminum. The equation for 
solution IS 

HgH* -h Na^S = IlgS NasS 
The equation for precipitation is 

3HgS Na^S + SNaOH -f 2A1 = 3IIg + bNa>S -h 2NaA102 + 4 H 2 O 

Small-scale experiments showed that a complete extraction of the mercuric sulphide 
could bo made by an S- to 10-mm treatment of the residue witli the alkaline sulphide 
solution. H. G 8 Anderson, who was associated with Thornhill, made numerous 
experiments with this process on cinnabar ore w lih very good results 

During the war penod several mines did experimental work with this process, but 
the most comprehensive work was done by W W Bradley, Assistant California 
State Mineralogist, on ores in different parts of the state * 

»A I M L Bull 104 16'>3-]6'>7 

* See “Quicksilver Resources of California/' Bull 78 
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Generally speaking, tlie same objection, that is, the grinding of the ore, is appli- 
cable to this method as it is in wet concentration, as in nearly ail instanoes it is 
cheaper to roast ore than it is to grind it. 

Quicksilver Assays. — Assaying of quicksilver ores at the mines has never 
become general either in this country or in Europe. One reason for this is that 
the character of the ore in most mines is such as to make sampling very unreliable. 
Though the large mineS of Spain and Italy all have well-equipped laboratories 
and competent metallurgists, no regular sampling and assaying is carried on. 

In this country considerable assaying was done at the New Almaden mine in the 
eighties, but it was later diseontinued. During the war period the New Idrm mine, 
in San Benito County, assayed regularly for about two years. It was at tliis place 
and at the Sulphur Bank mine, m Lak% County, that the ussayers, working m con- 
junction with engineers from tlie U. S. Bureau of Mines, devi^loped an improved 
quicksilver assay. It is essentially: distillation in an enclosed tube; then dissolving 
the mercury in concentrated HNOs and titrating with thiocyanate. 'I'his method is 
considered the best as it is much quicker than the older methods and more ndiable 
on high-grade ore, or where the ore contains much free sulphur, pyrites, and organic 
matter. 

The method generally in use in this country, however, outsule of tlie large mines, 
is what is called the Esclika, oi Whitton, method in what is called the “Whitton 
quicksilver apparatus. 

> Thrt method is fully described by W W nuAi.iP^. “Quieksilvei UesoiirecH of ralifonuft/’ Bull 
78, 282-283 
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CHROMIUM 

By Robert M. Keeney, E. Met.^ 

Methods of Extraction. — The requirements of modern industry have resulted 
in the development of three distinct metallurgical processes for the extraction 
of chromium from its mineral of commercial importance, chromite (FeCr 204 ), 
in forms suitable for steel manufacture, the dyeing and tanning industries, and 
for the production of special alloys of chromium free from iron having low electri- 
cal conductivity and great resistance to corrosion at high temperatures. These 
methods are: (1) the smelting of chromite in the electric furnace to produce 
ferrochromium; (2) the manufacture of chromates and bichromates by the chemi- 
cal treatment of chromite; (3) the production of metallic chromium by chemical 
extraction of chromium oxide from chromite, followed by the reduction of the 
oxide to metal by the thermit process. 

Ferrochromium. — The process of making ferrochromium® from chromite 
consists of mixing ore, coal, or coke, and, if necessary, lime, fluorspar, or quartz 
to form a suitable slag, and smelting the mixture in an electric furnace lined with 
magnesite. At about 2-hr. intervals the ferrochromium and vslag are tapped into 
iron pots, the metal settling to the bottom. The pot is dumped when the con- 
tents have solidified. Reduction theoretically takes place according to the 
reactions: , 

FeO.CraOs + 4C = Fe.2Cr + 4CC) 
fiCFcO.Cr^Os) + 50C = [2(Fe3C.3(^r3(:2)] + 3Fe + 36C() 

These reactions represent two extremes, the first, the production of a carbon-frec 
ferrochromium in a single operation, and the second, the production of an alloy with 
the maximum percentage of carbon, 10.4 per cent. In practice, the first reaction never 
takes place, and the latter seldom, so that the carbon content of ferrochromium pro- 
duced from smelting chromite may vary from 4 to 8 per cent, depending somewhat on 
the grade of ore and the method of operation. Ferrochromium is, therefore, classified 
according to carbon content ihto the following grades: less than 1 per cent carbon, 
1 to 2 per cent carbon, 4 to C per cent carbon, and 6 to 8 per cent carbon, the lower 
the carbon the higher the price of the alloy. 

By smelting an ore containing 40 to 50 per cent CrzO*, an alloy containing 60 to 
70 per cent chromium is produced. The 4 to 6 per cent carbon grade and the 6 to 8 
per cent carbon grade are the result of the initial smelting. The lower-carbon alloys 
are made by refining high-carbon ferrochromium with an oxidizing slag of chromite 
to remove the carbon. This operation must be conducted with great care and oon- 

* Industrial Heating Engineer, Connecticut Lt. & Power Co., Waterbury, Conn. 

* Lyon, 1). A., Kegnicy, R. M., Cullen, J. F., “The Electric Furnace in Metallurgical Work,” 
U. S. Bur. Mines, BuU. 77, 1914; Keeney, R. M., “The Manufacture of Ferroalloys in the Electric 
Furnace,” Trans. A. 1. M. E., (2 (1920). 28. 
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trol or the chromium will oxidize out of the metal. Low-carbon ferrochroniiunfii 
may also be made by silicon reduction in the electric furnace and by the thermit 
process. 

In production of 6 to 8 per cent carbon mcial, a recovery of 90 to 95 per cent of the 
chromium is obtained, because excess carbon is permissible and because Huxing 
materials, which tend to result in hi{!|her carbon metal, can be chained, giviuf^ a more 
fluid slag and resulting in bettor separation of slag from metal. 

On 4 to 6 per cent carbon alloy the rmivery of chromium varies from 70 to 80 
per cent. About half of this loss is in metallic particles which do not settle out of the 
slag, practically all of which can be recovered by wet concentration. The power 
consumption in smelting 44 per cent ('*^203 ore in a 7r>0-kw. furnace to produce 4 to 
(i per cent carbon alloy averages 3 to 3.5 kw.-hr. per pound of alloy. 

Chromates and Bichromates. — The processes of manufacture of chromates 
and bichromates of sodium and potassium are similar.^ In the production of 
sodium chromate or bicdiroinate, a chromite ore of 40 per e('nt t)r more CrjOs 
content is roasted with sodium carbonate, whereas potassium carbonate is used to 
make potassium chromates. If the ore contains sulphur, it is sometimes given a 
desulphurizing roast, because if there is much sulphur jiresent sodium sulphate 
forms during the soda roast, and later dissolves with the sodium chi ornate. The 
calcine is then mixed with sodium carbonate and limestone and roasted in a 
reverberatory furnace for S to H> hr., care hidng taken not to melt tlie charge. 
Jiirnestone makes the charge more porous and jirevents fusifm, but does not enter 
into the following reaction, beyond combining with a small part of the chromium 
to form calcium chromate if the roasting temperature has been excessive: 

2FeCr204 + 4Na2C()3 + 70 = Fi-Zh + 4Na2(V()4 + 4002 

Inuring the roast the charge is rabbled a1 intervals and is finally raked out onto a 
cooling floor. The ehroniales are then dissolved by lixivia tion in tanks with boiling 
water. Caleium is precipitated as efjlciuiii anljihate by the addition of sodium sul- 
phate, leaving the ehromium in solution according to the reaction: ' 

CaCV 04 Na 2»^04 — CaS 04 “b Na 20 r 04 

The solution is decanted and filterivl and evaporated to a density of 1.5 to 1.5(5 
sp. gr., 48 to 52°h6. Conversion of the solution to the bichromate can be accom- 
plished at this point or aodiuni eliromate crystals prodm'cd by further evaporation. 
If a pure bichromate is desired, sodium chnunale crystals are jmxluced, washed in a 
centrifugal, dried and heated, when they (uuinble to a yellow anhydrous jwwdcr con- 
taining about 95 per cent sodium chromate. Tiiis powder is dissolved in hot water, 
giving a 40°B6. solution, 1,38 sp. gr., for conversion to the bichromate. 

Addition of sulphuric acid to the chromab' solution converts it to the bichrmnate 
according to the reaction: 

2Na2CV04 + 112^04= Ku2(V207 + ILO -f NajSOi 

/ 

When the solution cools, sodium sulphate crystallizi's out, and the biclu-omato 
solution is decanted, filtered, and eva])orfAled with the formation of sodium bi< hmmate 
crystals, which in the crystalline state have the formula Na2Cr207.2ll20. By applica- 
tion of heat the water of crystallization is driven off. Sodium bichromate is replacing 
potassium bichromate for commercial uses, because of its lower cost and greater 
solubility. 

* Roscojo and Schoklemmeh, "TrcatiBc on Chemiatos" vol. 2; Borcherh, "Metallurgy.” 
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pROPKUTiLB OP Chromates and Bichromates 



PotasAium 

Sodium 


Bichromate 

Chromate 

Bichromate 

Chromate 


(KjCriOr) 

(KzCrOO 

(Na^CraOr 2H#0) 

(NaaCrOi lOHaO) 

Hpecific gravity 

Specific liuit 

2 09 

2 71 



0 to rc 

0 IHOI +0 OOOOSt 




19 to OK^C 

0 1894 

0 18^il 



397 to 4H4“C « 

0 US 




T utint heut of fusion' 

29 8 

9 hrc 


39 2 

Melting point ^ 

Solubility 

400“C 




Cold water 

1 U) 

1 2 

7 4" 

77 100* 

Hoiling wratir 

1 1 

1 1 7 

Very soluble 

Sol uble 

Al( obol 

IiiHolubh 

Insoluble 



\(ids 

Soluble 

Soluble 

Soluble 

Soluble 


*» T iquid 

* Anhv (irons Hiili 

Hprdfir luut Ci Oi. 10 to OW - 0 1790 

SiMfifn In it ] p( r()4, 19 to 0 l.iOO 

Chromium Metal.- ( 'hroiniuin iiiotal is pioduood coniinorcially by tho thorinit 
])rocess, that is, the» K'diiotioii of (luomu oxide bv aluminiiiii according to the 
exothernuc reaction 

Cr.Oi + 2A1 = 2(^1 f Al>(b 

To provide chioiiiK oxide, sodium liuhiomate is reduced with sulphur in an exter- 
nally heated non pot 

Na.CiiO? + S — Va9S(>4 -| (V„()j 

On solidihciition, the melt is h*a(hed iind wiislied with water, the sodium sulphate 
passing into solution All traces ot sulphur must be washed from the chromic oxide 

Th(* tin iniit K due lion is made in a in ignesite-lmed tuinate without external heat, 
because the leaction is exothermic, the lieat of iormatiou of AI 2 O 3 being 392,000 cal , 
and that of Cr 20 'i, 243,900 cd Tin (hiornium metal produced by this process con- 
tains some aluminum, but is tc chine illy free from carbon and fiom other impurities 
if a high grad( thromic oxide is reduced By manipulition of the quantity of alu- 
minum charged, a metal containing 99 0 per cent (hiomium can be made. l^Msed 
< hiomuim metal jirodmed by the thermit process has a brilliant white coloi. 

A fairly pure chromium powctc'r can be made by reduc tion w ith carbon 111 a crucible, 
the process being similar to the proiluction of tungsten powder. Chiomic oxide is 
reduced by solid carbon at a temperatuie of 1185°C For laboratory production of 
pure chromium, magnesium 01 sodium i eduction is an excellent method 

It is also stilted that chromium can be reduced from chromic oxide by calcium 
carbide (Bnt. Pat. 152399) 

("hromium is a bluish-white metal which holds its blight silvery luster indefimtely 
It IS harder than glass, electrolytic chromium having a scleniscope hardness^ of 75. 
Its specific grayntv at 20®C is 6 92 Chromium has a mean specific heat (0 to up 
to 0()0°C ) of 0 1039 to 0 00000008^®. Pure chromium melts at 1520 and boils at 

1 Sarqiovt, G J , * Ettictrolytio Chromium/* Trans Am Electrochem 8oo , 87 (1920), 470. 
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2200^0. The melting point ia lowered considerably if carbon is present, but its hard*^ 
ness is increased. When in the solid st^ate at 1489®C. just below the melting point it 
absorbs 352 kg.^al. per kilogram. With latent heal of fusion of 7 1 kg.-cal, it absorbs 
423 kg.-cal. per kilogram liquid at the melting point. The specific heat of liquid 
chromium is estimated at 0.24, 

Chromium to be cast requires considerable superheating, as it is highly viscous 
for several hundred degrees after it is melted. 

Chromium is attacked slowly m cold hydrochloric acid, but rapidly on heating. 
It dissolves slowly in dilute nitric and sulphuric acids, but is attacked rapidly by 
concentrated sulphuric acid with the evolution of sulpliur dioxide. Hot concentrated 
nitric acid does not affect it. Electrolytic chromium' is very resistant to corrosion 
by air, oxygen, or chlorine at temperatures up to 3()0°r. At a 1 empernture of 1200‘*(3. 
it oxidizes at about the same rate as Ti|ckel. An alloy of 20 p(‘r cent cliromium and 80 
per cent nickel has all the non-corrosivc (pialities of botli metals, and an electrical 
resistance tea times that of nickel. 

Electrolytic Deposition of Chromium. — Because of the resistance of chromium 
to corrosion, chroniiuiii plating has coimnercial possibilities, flood deposits of 
chromium on iron and copper have been obtained from chromic acid (n 2 Cr 04 ) 
solutions containing a small percentage of chromic sulphate ((V^fSOOs), with 
either chromium, * lead, or platinum anodes. The theoretical ampere-hour yield 
of the pure metal from a valence of 3 is 0.0458 g. and from a valence of (i is 0.3229 
g. The theory of the deposition of chromium from chromic acid, chromic sul- 
phate solutions seems to rest on the formation of a film of hasii cliromic chromate 
on the cathode with a very weak acid solution in contact with the cathode, fol- 
lowed by partial reduction of chromic* ions to ehromoiis ions and the deposition 
of chromium from both cliroinous and chromic ions, together with an abundant 
evolution of hydrogen. 

The deposition of chromium is fiffeotcd by the percentage of chromic acid and 
chromic sulphate present, the presence of the kttvr greatly inci easing the yield, by the 
temperature of the solution, and by the cathode cuireiit deubity. The thickness of 
the chromium de^iosit dejiends on the current density, the lower the current density 
the thicker the deposit. A deposit' 0.5 in thick has htsui obtained from a plating 
solution containing 24.5 per cent (VOj and 0.3 per cent at a temperature of 

20°C. with a cathode current density of 10 arnp jier sejuare d(*cjmetci. A yield of 
0.10 g. chromium per ampere-hour mav lie ohtain(*d under these conditions with a 
voltage of about 3 volts and with an elcctiodc distanet* of about 1 in. The 0.3 per 
cent Cr 2 (S 04)3 is a very essential constituent of tlic plating solution, ns without it 
only traces of chromium are obtained under the conditions slated. 

Electrolytically deposited chromium is liird but malleable, while ordinary 
ehroniium is usually b iittlo. MalUatblc cinoinniin wire can be produced by the 
process of E. K. Richardson, of the Wcstiiighouse (\) , who electroiilates a copper 
wire, draws down, roplates, and redia\^s until the eoppc'i center be<’omes of negligible 

amount. ^ 

A process of chromium plating said to give wearing surfaces harder than any 
others known metal finish has been developed bv Dr C^olin tl Fink, and is known 
commercially as ^‘crodon.” No details are known 
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Chromium Alloys. — The most important alloys of chromium are the nickel- 
chromium alloys, wliich are the most commonly used resistor materials for 
electrical appliances, electric-oven heaters and industrial electric furnaces, 
because of their high electrical resistivity, strength, and reisistance to oxidation at 
high temperatures. Because of the latter property, nickel-chromium alloys are 
having increasing use as furnace parts as containers in the case carburizing of 
steel, and for points of support in vitreous enameling of iit)n and steel. Silicon- 
chromium alloys can be used for these purposes. Experimentation ^ shows that 
cementation of chromium and iron occurs when low-carbon steel is packed in a 
mixture of 45 per cent alumina and 55 per cent chromium in an iron tube and then 
heated to 1300 to 1400°C. in hydrogen, or in a vacuum or in some neutral atmos- 
phere, for lengths of time depending upon ^tho penetration and concentration 
of chromium desired. I'he chromized iron has a high resistance to atmospheric 
corrosion and to weak acid solutions, is comparatively soft, and takes on a high 
fiolish. Stellite,*'* an alloy of chromium and cobalt with a considerable percent- 
age of tungsten or molybdenum, has cutting qualities equal to high-speed steel, 
but cannot bo worked, and must be cast in the shape in which it is to be used. 


(’omposition oi CjIllOMirM Ali.()\s 



Ni 

Cr 

he 

Mn 

Si 

Cn 

Mo 

C 
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11 

18 

22 
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61 
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21 
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61 

ir, 

10 

43 
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16 

3 

74 

0 
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Nichrome III 
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.7 
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1 

95 
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7 
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Nichrome III 
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15 

9 
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84 

0 
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1 

10 

7 

0 

98 

1 

72 

0 
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20 

8 

15 

0 

0 
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1 
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0 

12 
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21 

33 

6 

21 
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18 

0 

75 

6 

11 



0 
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10 

77 

3 

11 

2 

01 

0 

77 
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0 

87 

Thermal loy 

0 

12 

25 

36 

72 

43 

1 

95 





0 
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(^ist UK-hronic has the following piojiorties. sp. gr , S.I.); weight poi eii in , 0.29 lb.; 
Brinell hardness, KH) to 170 with 1,000-kg weight; soleroseope hardness, 27 to 28; 
melting point. 15U)“C" ; sp(‘eitie heat at 100°<\, 0.1 1 1 ; and temperature coefheient of 
expansion per degree (Vntigiade 1.62 X 10"® 

^IvisiiiEA, K C, “ (Miroiiu/iMK,” liiiiiB \ni 1 Iidroclum Sof , N(\^ York MrctinK, May, 

* Hibbard, H 1)., " Maimfuctun and Ores of Alloy Stci la,” I b Bur Mjues, liuU 100, 
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Propertied of Rolled and Drawn Nickel-chromiitm Allots 



1 Driver-Hams Co, ‘ Alloys for EUctncal R<sistunco,” Data Hook K-2i, Nichronie Bull, 

N-21 


1 Cold 

815"C. 

'V leld point, pounds per sqiiaie inch 

10,000 

20,100 

Ultimate tensile strength, pounds per sipiaie inch 

r>o,ooo to 5r),(M)o 

21,500 

Klongation 

1 per cent 

1 per cent 

Reduction in aiea 

j 2 5 per cent 

1 3 ])er cent 


The application of mi kel-i hroiimiin allo>s as lesislois in eUctni he it mg is based 
on several laws of clectiical enginceimg ol diieit tuireni, is lor piai tnul puipoH(‘s an 
alternating current in a icsistf i his a poiver lactoi of unity. Ohm’s lavi states' 

E -- Hi and IF El 

where = e m f m volts, / - euirent in aiiipeies, R — resistance in ohmS} and 
W = watts; and if t = time in siHonds ind If - heat exiiressed m B t u. 

11 = J^Iif X ()(H)0‘U7S 
lU-hr --d,tl2Btu 
To find the losistanee Rt of a wne at am teinpeiature 

fi, - mix It), 

where Rt is the resetanee at teinperatme /, Ro is the spis itii resistaniT, jt is the tem- 
perature coefficient, and / is the differenii m ti in])eiatiue b(‘t\\een R, and Rt Ah 
tempeiatuie coefficients jne generallj given only fiom 20 to 100 (’ , for temperature 
over lOO'C more aci urate results can lx obt lined bv iisi* of the following table 
Calculation can be shortened by secuiing resistance tables fiom the manufacturer of 
the resistor material being used 


CoMPARATT\L RlsISTANC Lh A I VaKIOI s Tl MFl* K ATUItl S KlH N K'KJ IIBOMIIJM 
Allots oi ^ Rlsistani t oi« 1 Ohm at 20 ’C 
(Temperature in Degrees Centigrade, Resistanie m Ohms) 


Mall rial 

20® 

100® 

200® 

KKl® 

t(K)® 

'ilKl® 

tl(K)® 

700® 

8CM)® 

000® 

1000® 

Nichrome 

1 000 

1 0!S'» 

I 0417 

1 0br> 

1 0H2M 

1 002S 

1 00()0 

1 1022 

1 1122 

1 1257 

1 1423 

Nichrome II 

1 0000 

1 0111 

1 0242 

1 0173 

1 0>OS 

1 0023 

1 0‘)05 

1 051)4 

1 0030 


1 0781 

Nichrome III 

1 000 


1 020=) 

1 0408 

1 O')-!'. 

1 00)1 

1 0657 

1 OOKO 

1 0700 

1 0880 

1 1033 

Nichrome IV 

1 000 

1 0078 

1 0170 

1 0265 

1 0300 

1 0440 

1 0373 

1 03101 

1 0334 

1 0302 

1 0482 















CHAPTER XXXVIT 


THE METALLURGY OF MANGAMESE 

By Ernest A. Hersam^ 

Divisions of Metallurgy of Manganese. — The metallurgy of manganese 
becomes important under throe separate interests of industry. Of these, the 
manufacture of manganese steel is perhaps first, being conducted on the largest 
scale, and requiring much of the manganese ore that is mined and wliich is smelted 
to reduce both manganese and iron. The second branch of the metallurgy is the 
concentration of the native manganese oxides and other minerals of manganese 
for use in the arts or further metallurgical manufacture, the enriched oxide being 
commonly useful as a coloring ag(‘nt in the ceramic industry, as an agent to dis- 
charge the color imparted by iron in glass making, as a depolarizing agent in 
the manufacture of Leclanch6 and dry batteries, and for a wide variety of other 
but less important purposes. The third important use for manganese ore is in 
the preparation of chemical compounds that are of imi)ortant service in medicine, 
sanitation, manufacture, and other varied interests. The producer of manganese 
ore is compelled to follow all these divisions of the metallurgy to secure the 
proper marketing of his product. 

Of the three divisions of the metallurgy, the first leads to the details of inm and 
steel inanufacture, and is to be f-onsidered as a phase of the metallurgy of iron. The 
second, or ore dressing of manganese, which is the mechanical treatment of the ore, is 
identical with the niechameal enrichment of maii}^ ores other than manganese. In 
this division, crushing, sizing, and eoneentiating are adapted commonly to man- 
ganese oxides, which are of moderately high density, and in some eases of considerable 
magnetic permeability. Ore dressing is powerless to .separate minerals beyond the 
state of natural purity in which tlie aggregates occur in nature. When, therefore, 
mangunesc minerals are intimately as.soeiated with earthy minerals, or wdth oxides 
of iron, infiltrated silica, or the carbonates of ealcium or m ignesium, no physical sepa- 
ration in the solid state is expected to render a satisfactory concentration possible. 
Since this condition is a common one in the ore of this metal, hand sorting often is 
found to be the only treatment that is justified. The chemical treatment of the ore 
to purify the mineral or extract and deposit the manganese in chemical forms that 
can be employed in manufacture and trade lead.s to complex chemical relationships. 
These have to be understood in a broad way to master or to conduct practically the 
chemical treatment. The metallurgy of manganese, therefore, partly falls under 
this division. 

The Commercial Production of MetaL — The commercial production of metal- 
lic manganese from the ore practically requires reducing smelting. The reduction 
of the oxide to metal, it is true, occurs at a roasting temperature without fusion, 
but the melting to produce metal of form suitable for most use demands costly 

1 Professor of Metallurgy, University of California, Berkeley, Cal. 
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smelting furnaces and presents difficulties exceeding tlie common ones of smeiting. 
The manganese, upon smelting, is found highly volatile at the required tempera* 
ture. A loss of 15 per cent from this cause is common experience. The man* 
ganese oxide, moreover, inclines to enter the slag. 

It becomes necessary, therefore, to smelt the ore at a liigli temperature, maintain* 
ing a strong reducing action throughout the operation, if smelting is carried on in the 
blast furnace. Such neduclion results in the reduction also of all of the iron, which 
collects in the metallic product. Thus, though a higli content of inuiiganoso may be 
desired, an alloy of manganese with iron is obtained. Silicon, also, becomes reduced 
along with manganese iii smelting, the amount depending upon iho amount present 
and upon the character of tlie slag. (Carbon, moreo\ er, is iUH(‘parahle from the prod- 
uct under the reducing conditions, and is present in the metal to the extent of 5 to 
6 per cent. For these reasons it is •not possible to smelt lean manganese ores with 
economy, nor, in fact, owing to the almost universal pn»s(‘iice of iron and silica with 
manganese in ores, is it possible to produce pure manganese by commercial smelting. 
The best that can be done commercially is to produce a high-grade ferromanganese 
by the smelting. In snudting iron ore containing manganese to produce pig iron of 3 
to 4 per cent manganese, the large amount of slag coinmonly occasions a heavy loss, 
carrying 3 per cent or more of manganese. This loss, together w itli the volatilization, 
makes it necessary to use ore of imt less than some 9 per cent manganese to secure the 
recovery of this small amount of manganese in the product if desireil. The produc- 
tion of a tolerably high-grade manganese ])ro(luct can thus be aceomplishiHl only 
by employing high-grade manganese ore, and making provision in that cast* for receiv- 
ing in the metallic product the entire iron content of the ore, which must then be held 
low. These conditions thus render it iiecessarv to cnrii'h the manganese minerals 
by hand sorting, or other ore-dressing methods if possible, lM‘fore smelting. Tliis is 
often a most unsatisfactory pioccss, owing to tin* close association of the manganese 
minerals with barren and harmful minerals, limiting the commercial practice to ore 
of high grade. 

Mechanical Enrichment. — ^An important jiart of the demand for manganese 
material is for the oxide or peroxide. From these* oxides iiunu'nnis refined ehcrui- 
cal compounds of a varied natun* are rnanufac*tur(‘d. In tlie sup})ly of the oxides 
or chemical compounds the manganese may be recovered from the ore by chemical 
extraction and conx’orted into the required forins by Kubse(|U(*nt manufacture. 
For the purpose of chemical extraction a low-grade ore is sfuiietimes used, but 
wherever mechanical enrichment directly permits of imiducing the desired final 
material, as, for example, iriaugaiiesc* dioxide, tin* or(‘-dressing methods arc greatly 
preferred. Often the mangan(*se mineral is so closely 'i^sociated with insoluble 
silicates as to render it practically impossible to recover it, (*ither by ore dressing 
or by the proeesscs of eheniical extraction. 8()Tiu*tinieH it is liarmfully associated 
with alkaline-earth minerals which are soluble in the solvents for inaiigan(H!e. 
Kven thus, when chemical extraction may be con tern xdated, inechauical enricli- 
ment as a preliminary step may be desired. ^ 

In many cases, moreover, ore dressing may fail to produce concentrate suited 
to chemical extraction. Ore dressing therefore, may be preliminary to: (1) smelt- 
ing to produce ferromanganesi*, spiegel iron, or low-manganese pig iron; (2) lixiviation 
to produce manganese oxides or other compounds; and (3) the preparation of various 
rough coloring ingredients for use in the manufacture of construction materials, or 
components for fertilizer or other uses. For all of these purposes the principles of 
gravity concentration and magnetic concentration are applied. 
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The Hydrometallurgy of Manganese. — The wet-treatment of manganese ore 
requires a knowledge of the manganese minerals and the compounds of manganese 
that appear in solutions, precipitates, minerals, and products. The chemical and 
physical agencies that produce effects are the basis of the hydrometallurgy of the 
metal. These matters are here discussed. 

The Minerals of Manganese. — The most valued minerals of manganese are 
the dioxides, of which jnjrolvsik (MnOi) is the most important. It is a soft bluish- 
black or grayish-black mineral, 4.8 in density, containing combined water not 
exceeding generally 2 per cent, and containing, often, hydrous silica in combina- 
tion or intimate association. Polianik is the anhydrous variety of this mineral, 
5.0 in density, crystalline, and much harder. PailomelanCy corresponding also 
to the formula Mn 02 , is a grayish-black mineral, lustrous, massive, and hard, of 
3.7 to 4.7 in density. It contains often m\ich combined water, variable in 
amount, and usually also barium oxide, or potassium oxide, and sometimes the 
oxides of calcium or iriagnesium. Wad is the soft hydrous variety of the dioxide 
mineral. AHhoUie and Inmpndite^ and other minerals containing the dioxide of 
manganese, combined with oxides of f)ther base metals, are known but arc uncom- 
mon. Hausmamiite (Mn()j.2Mn()), of lower oxygen content than the above 
minerals, is a firm brownish-lilack mineral of 5.0 in density. Manganite (Mn02.- 
MnO.II/ )) is a gray mineral, somewhat softer and of 4.2 to 4.4 in density. Frank- 
Unite ((Fe, Mn, Zn)C).(Fe, Mu) 203 ) is hard, black, and 5.07 to 5.22 in density. 
Hhodochrosite is the carbonate (Mn(X).0, pink in color, and 3.45 to 3.00 in den- 
sity. Combined with iron or calcium carbonate, and sometimes with magnesium 
or cobalt carbonates, the mineral is given the name oUgonitc. Rhodonite (MnO.- 
SiOo) is the silicate, the manganese component of which sometimes is partly 
replaced by iron, calcium, or zinc, and w’hich is reddish in color and 3.4 to 3.68 
in density. Bra unite (3Mn20i.MnSi()^), of brownish-black color and submetallic 
in luster, is 4.7 to 4.8 in density. Other silicates of manganese in combination 
with the silicates^ of the base metals are known but are rare. The sulphates and 
other native salts of manganese occur in natuie but do not constitute working 
ores. 

Manganese Metal and Compounds. — Manganese is notable for the diversity 
of its chemical forms. A'arying in its state of oxidation from a bivalent element to 
a heptavalent one, it ranges from a basic-combining element at the one extreme 
to a highly acid one at the other, entering in its highly oxidized state into numer- 
ous acid forms or radicals. In its lower state of oxidation it resembles magnesium 
and ferrous iron. Somew^hat more highly oxidized it resembles aluminum and 
ferric iron. Still more highly oxidized, it acquires characteiistics resembling tita- 
nium and sulphur. Finally, in the most highly oxidized forms, it resembles chlo- 
rine and other halogens. In its mineral state, and in its metallic comportment, it 
perhaps most resembles iron. The approximate similarity of its atomic weight, 
which is 55, with that of iron, which is 55.0, leads often to regarding the element 
as an equivalent in slags. The high native oxides, however, acquire a stable 
state which iron does not attain. Many of the compounds of lower oxidation are 
strikingly similar to those of iron. In many cases these are isomorphous with 
those of iron, being inseparable by crystallization. 

Metallic Manganese. — Manganese is a reddish-gray, brilliant metal, harder 
and somewhat heavier, and more difficult to melt, than iron. It combines as 
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iron does with carbon, but with greater avidity. It is attacked by acids with 
much greater energy than iron, and is dissolved rapidly by all ordinary dilute 
acids inclusive of acetic acid, evolving hydrogen copiously and producing manga* 
nous salts. Its affinity for sulphur and for oxygen at high temperatures is utilized 
in the metallurgy of iron for the deoxidation and desulphurization of that metal. 
The stability of the simple oxide renders it impossible to reduce and smelt the 
metal apart from metallic impurities, if present, and the affinity for carbon and 
metalloids at high temperatures renders it difficult to produce the metal by any 
means without contamination. 

For producing the purest metal, the process of Goldschmidt, consisting of reduc* 
tion by aluminum, best serves. For this reduction, « purified manganornanganic 
oxide is used as the source of the inangjiTiesc, the nluminum powder being ineorporated 
with oxide and raised in temperature* to effeel the reaction, sutlieient aluminum being 
employed to produce sesquioxide of aluminum from tlu' total oxygen content of the 
purified manganese oxide. Some 00 jier cent of the metal may l>e so recovered with- 
out difficulty in a product of 96 per cent manganese fret' from carbon. iSilieon, iron, 
and aluminum are the impurities of metal so produced, grt'at ditficulty being found in 
removing the final traces of these metals. The eh'etrolytic deposition of manganese 
from sulphate solution is possible. The metal is deposited at the cathode from solu- 
tions containing free acid not exceeding 0 36 per cent with 80 to IK) per cent current 
efficiency at 3 volts or more. 3'he deposit is })o\vdcry, and no means have been dis- 
covered for improving tlie condititm for coniinercial ust'. 

Numerous processes arc in existence for the jjroduetion of metallic manganese of 
tolerable purity freed from much of the comliincd impunty witli which the ore is 
generally associated. Ry the process of J. T. Jones^ maiiganeKC ori* containing inin 
IS finely ground, mixed witJi coal, and ealeiiied at about ]()0()‘'C\ with air excluded, 
to reduce the iron. Tlie iron is icmoved and the coked product is smelted to jiroduce 
metallic manganese of grade according with the extent of the prehmiiiary separation 
of the iron. Stenilierg and l^eutsch, as early as 1803,” produced metallic manganese 
by igniting the oxide of manganese when combined with alkaluu'-t'arth oxide at a 
temperature ranging from 1000 to 1200°(\ in the jiresimee of carlawi. Otlier metals, 
such as molybdenum, tungsten, and titanium, were also includi'd in the patent. 
Greene and Wahl, in 1805, prepared manganese, free from iron, hy leaclimg the ore 
with dilute sulphuric acid to rcmoveiion, leaving the dioxideofmangunc.se unal tacked. 
The purified material was then ignited to produce followed hy the application 

Of volatile hydrocarbons in the treatment and a final reducing treatment with alumi- 
num and magnesium in crucibles. 

Ferrous Alloys.— Feiroiiianganes(‘ is the coiiiinoii comnuTeial form of metallic 
manganese. In this alloy some 75 to SO per cent of mangaiu'se is jiresent together 
with about 6 per cent of carbon, the remainder being mostly iron. Humbert 
decarbonizes ferromanganese’ by heating to a temperature above 1700 C. in 
contact with manganese oxide, in an eU'ctnc furnace, rcHlucing the carlion content 
thus to less than 1 per cent. Spiegel iron produced by blast-furnace smelting 
commonly contains 15 to 20 per cent of manganese dnd apimixima^cly 5 por cent 
of carbon, the remainder being mostly iron. A lower-grade inaiiganeHe product 
with iron is also produced by smelting iron ore when insuffieient manganese is 
present to produce spiegel iron. In the production of metal of this type the tend- 

1 U. S. patent* 1288422 and 1289799. 

‘Eng patent 13177 

> U. S. patent 1228925. 
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ency of the manganese to enter the slag, and the required maintenance of special 
smelting conditions to effect the recovery of the manganese, introduce costs that 
commonly detract from the economy of recovering this small proportion of man- 
ganese along with the preponderance of iron that also must be reduced. A Ger- 
man patent^ eifects a partial separation of manganese from iron occurring in ores, 
by reducing the mineral under delicately controlled conditions so as to produce 
metal from the iron oxide, leaving the manganese oxide unreduced. The reduced 
material is then smelted under conditions calculated to leave the state of oxidation 
unchanged, recovering the iron as metal, and the manganese as a rich slag suitable 
for the production of ferromanganese. 

Non-ferrous Alloys. — Manganese which appears as an important component of 
numerous ferroalloys is a less common component of non-ferrous alloys. The 
manganese-gold alloy is brittle and gray in* color, becoming yellow with gold 
exceeding some 90 per cent and forgeable at this higher percentage of gold. The 
composition of manganin, a useful alloy, calls for 12 per cent manganese, 4 ger 
cent nickel, and S4 [)er cent of eojiper. Manganese to the extent of some 2.S 
per cent in brass effects a marked increase in the hardness and tensile strength. 
The introduction into bronze has been effected by various moans as, for example,^ 
by alloying the ferromanganese with phosphorus and copper, and introducing this 
richer alloy into the mixture of the other metals. Manganese is made to alloy in 
small amount with copper and lead‘ by adding the oxide with cryolite together 
wi‘th a reducing agent to the other metals m the molten state. Manganese when 
accompanying copper in commercially pure iron increases the effect of the copper, 
which in proper amount decreases the susceptibility to corrosion and decreases 
the red-shortness of the metal that is occasioned by the influence of the copper 
alone. 

Divalent Manganese Compounds.— Divalent manganese imparts a usual 
reddish cast to substances containing it. It is to be regarded perhaps as the 
most stable form in which manganese enters (•heini(‘al compounds The divalent 
manganous salts; for example, are distinguished from ferrous salts by not being 
susceptible to oxidization in acid solution by the action of the air when present 
Mavgavoiis hydroxide (MnH202) is a pink jirecipitate produced by adding alkali 
to solutions of manganous salts. It is insoluble in an excess of the alkali, but 
dissolves in ammonia, changing, when thus alkaline, as it would do when neutral, 
to the brown manganic hydroxide by oxjX)Sure to the air. Manganous hydroxide 
j)recipitatod by ammonia in the presence of cyanuric acid develops unstable color- 
less crystals of a high polarizing power serving for microchemical recognition. 
Manganous oxide (MnO) is a greenish substance, obtained by calcining the car- 
bonate or by precipitation from heated solutions of manganous salts. It may be 
obtained by the reduction of the higher oxides, but is with difficulty obtained free 
from other oxides. Manganous sulphate (MnSOi) crystallizes with 7 molecules of 
w^ater, and is analogous to ferrous sulphate. It also crystallizes with 5 molecules 
of water, being then analogous to copper sulphate. It crystallizes, moreover, 
with 4 molecules in characteristic reddish erj^stals. It yields monoclinic double 
salts with alkaline sulphates, of such composition as K2SO4.MnSO4.6H2O. 

1 Ger patent .303507, Apr 24, 1917. 

•US patent 1214539 

• r 8 patent 1228017 
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In 1894 A. R. Davis^ provided for the extraction of manganese m the form of 
sulphate from the oxide ore by means of ferrous sulphate, producing commercially 
manganous sulphate by evaporation. Hy the process of C. Ellis* material containing 
basic manganese compounds is converted to the sulphate by treatment with acid- 
sodium sulphate, which subseciuently is converted to tlie dioxide. Numerous methods 
of production are found possible, further consideration to the matter being given in 
connection with the methods of producing the dioxide. Mnnganous dithiondte 
(MnSaOo) is formed b^ the action of sulphurous acid \ipon manganese dioxide in tlie 
cold. It is soluble in water and convertible into sulphate by oxidation. Manganous 
carbonate (MnCX)*) is a reddish precipitate wlien formed by the add iticm of alkaline 
carbonates to manganous salts. It is less susceptible to oxidation than the hydrate. 
Manganous sulphide (MnS) forms as a flesh-colored gelatinous precipitate from alka- 
line solutions by the action of alkaline siilphide.s. Precipitation from moderately 
strong, hot solutions aonietinu‘s gives the precipitate tlie form of a grwnish-gray 
powder. The sulphide is very readily attacked by the oxygen of the atmosphere or 
by any ordinary w^eak acid, yiedding hydrogen sulphide and the manganous salt of 
the acid. Manganese borate is precipitated from manganous solutions by borax. Ah 
commonly prepared, it is in the form of a brownish powder. It possesses valued cata- 
lytic properties, notable use for which is in the acceleration of tlu‘ drying t'f vegetable 
oils, which is a process of oxidation. It thus becomes an important component of 
commercial driers required in the paint and x\‘inii.sli iiulusfry, in which application it 
acts catalyticnlly. Manganese nsinate and manganese hnobati are also similarly 
serviceable in this use. In pre])armg the rosinate, a rosin soap is first made by boilwig 
rosin in caustic soda, which is then poured into mMiiganous suljiliale solution, produc- 
ing a flesh-colored precipitate, winch is the n‘sinate, and \\hieh is filtered, washed, and 
dried, licing then soluble in hot linseed oil or in any one of a variety of organic solvents, 
such as cliloroforni. It is capable of bcang melted, and when cooled forms a brown 
mass that may be broken into lumps of similar solubility and suital)le for handling. 
Pour pounds of this matonal in 10 gal. of linseed inl give (puck drying oil, leaving a 
glossy coat, or, when less is used, a pale drying f)il. The linoh‘ate is pro<lue<‘d by boil- 
ing linseed oil with caustic alkali. Tins soap is then added to manganous sulphate or 
chloride, producing a Inowii mass yvlnch is .subject to oxidation ami which is readily 
soluble in hot linseed oil. One part of this linoleate mixiul with five of linseed oil 
and poured hut into 10 gal. of od at produces a desirnhle drying oil. 

Manganic Compounds.- -The luaiigaiiic compounds art* much less basic in 
action than th(‘ manganous. lu acid solution, th(‘ salt tends to become reduced to 
the manganous state, wJiil(‘ in acid solution salts remaiiiing unreduced are subject 
to marked hydrolysis, which n'sult'^ in the .s(*])aration of mangamc hydroxide 
(MnlLCW from solutions of the neutral salts. The manganic hydroxide may 
be made readily to part with its combined water, forming a partly dehydrated 
hydroxide, manganite (MnOHO), or the auliydridc (Mu,() 3 ), both of which occur 
ill nature as minerals, whereas the hydroxide doc‘s not. 

The preparation of pure manganic sulphate (MiiafSOdsy or the chloride (MnCh) i.s 
rendered difficult by the tendency of tlie salt to liydroly/(‘, making it neccHsary, in 
preparing the sulphate, for example, from the oxide, t() emplov strong acid in the 
reaction, and rendering it difficult to remove the foreign sails from the paste of 
sulphate except by means of nitric acid. Manganic chloride alw) forms in strong solu- 
tion, but is unstable when deprived of the excess of strong acid. Thv. fluoride and the 
phosphate of manganese, in this state of oxidation, are red and violet in color and 

' Eng. patent 2696. 

a U, 8. patent 1276739. 
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hydrolyze much less readily than do the other salts. These salts form double com- 
pounds with the alkalies, producing striking crystalline aggregates. 

Tetravalent Manganese in Compounds. — The perhydroxide of manganese 
(MnH404) is produced by the action of strong oxidizing agents upon the alkaline 
or neutral hydroxide. For the purpose, chlorine, bromine, or hypochlorite may 
be used. It is a dark-brown substance, amorphous, and easily converted into 
a colloidal state. In this state of oxidation manganese formerly was employed 
extensively in the production of chlorine. 

Thus when the perhydroxide is treated with strong cold hydrochloric acid, 
it dissolves, giving a dark-green manganic perchlonde (MnCb). This salt hydrolyzes 
when diluted, producing again the perhydroxide, or decomposing into chlorine and 
manganous chloride upon wanning. The pt^rliydroxidc, subjected to moderate 
dehydration without the presence of reducing agents, produces the partly dehydrated 
perhydroxide (MnC)(OH) 2 ) which becomes peroxide upon further dehydration. In 
producing chlorine from th(*s(‘ compounds, a dioxide of manganese is treated with 
hydrochloric acid to produce the tetrachloride, which, upon e'levated temperature, 
liberates CI 2 and becomes manganous chloride (MnC’b). The famous Weldon process 
consists in rendering this manganous chloride alkaline, with an excess of lime, which 
in the presence of the excess of lime become.s oxidized to calcium manganate (C^aMnOs), 
known as “Weldon mud,” containing the manganese again m the tetravalent state 
suitable for further acidification with hydrochloric a(‘id and the further generation of 
chlorine. 

The peroxide of mavgarioie, or dioxide (MnO.^), is unstable at elevated temperature, 
and yields its oxygen to comiiounds capable of receiving it at that temperature. Thus, 
in the manufacture of glass, the peroxide discharges the green color of ferrous silicates 
by producing the less highly colored ferric silicatt. Its presence assures a high 
state of oxidation of iron in ceramic material, imparting a brown or a violet color by 
the direct coloring action of t he inangan(*>e oxide itself in silicate or other combinations. 
As a decolonzer for glass, manganese mateiial of 80 to S.') per cent dioxide is commonly 
wanted, coiitainiug less than 1 per cent iron. Such material is used in glass to the 
extent of some 4 to 30 lb. to t he ton of sand, in many processes of manufacture. While 
a siliceous ore is permissible for application to this purjiose, the presence of carbonates 
is objectionable, l^'or making glass in pots, powdered ore is used, while the ore in 
lump form may be used in some cases for melting larger massc's. The dioxide is used 
direct as a drier for linseed and other drying oils in amount generally not exceeding 
0.5 per cent. In this form it meets wdth the objection that it darkens the oil, to a 
greater exti'iit than the suhihnte, borate, oxalate, resinate, or linoleate. As a dyeing 
material for cotton the chloride is used, in many cases, as it imparts a brown color to 
the cotton fiber. Much manganese dioxide is consumed in the manufacture of manga- 
nates, chiefly m the production of the permanganates. The dioxide is reported to be 
converted into a colloidal form by adding concentTated ammonia to N /20 potassium 
permanganate solution until the color becomes deep brown, resulting in a solution 
that remains stable in the prt'scnce of alcohol of any density. 

Manganese Dioxide as a Depolarizer. — The peroxide of manganese as a depo- 
larizer for the manufacture of galvanic cells is of gieat importance. The physical 
form of the peroxide influences the effectiveness in a marked way, and the 
presence of soluble metallic impurity is of great injury. The largest consumption 
of manganese dioxide, outside that of iron manufacture, is to make use of this 
action in the manufacture of dry cells and other galvanic-battery elements. In 
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this use the available oxygen, in excess of that required to constitute manganous 
oxide, governs the effectiveness and value. Freedom from metals that are 
electronegative to zinc, such as copper, nickel, cobalt, and arsenic, isr especially 
important, copper being most objectionable. Such metals cause local corrosion 
upon the zinc of the cell. 

Caucasian pyrolusite of some 85 per cent mangaiun^e dioxide containing less than 1 
per cent iron is commc/nly desired, yet ore of 70 to SO pei cent dioxide and 3 to 4 per 
cent iron is often used \vhcn sintahlo m other lespects. Moderate hardness and a 
certain slight degree of ponisitv of the mineral are desired, even at the sncrifiee of the 
highest oxygen content Sized, (luslied material is employed vhich is commonly 
finer than 10 to 20 mesh. In the Ijerlanehd cell, a depolaii/ing mixture of manganese 
dioxide with graphite is often used. The artificial dioxide fice fiom acid and contain- 
ing occluded nioistuie may be used wAh a lo^^ projiortion of graphite 

A hydrated dioxide of manganese for depolarizing piniioses has been prepared^ 
by the oxidation of dilute acid solutions of sulphates or eliloiidch, oi by the tieatment 
of the oxide with water, gl> eerol, and acid In the process ol A A Wells,^ dioxide for 
battery purposes is prepared by eonx citing the oxide rire into carbide, treating m water 
to produce manganous h\ dioxide, and roasting in an o\idi/ing atmospheie contaming 
steam. By the subsequent pioeess ot Fills and \\ ells,* dio\nle, sint(‘d to the pin pose, 
IS made by permitting a hypochlorite to act upon a slightlx a( id solution of manganous 
salt at about l()0°r A dioxide whidi gives a dead-blick sticvik and is suitable aa 
a depolarizer is produced under the patent of Ellis, ^ b> exposing in inganoiia sulphate 
solution, containing not more th.in 10 jier cent f**(H* uid, at a temperature near the 
boiling, to thf action ot chlorine The precipitate is K'loverecl and washed free irom 
contaminating salts The clcpohnzing male rial of batteries lias been regcaierated, 
for example, » by (rushing the maleiial, extiaetmg the soluble sails by mc^ans of 
ammonium eliloride solution, and i(‘Oxjdi/iiig the u‘sidue by trexatrnent under pn*ssure 
with hvpoehloroub acid oi its s Its, or hy chloric acid 

In eleetiolysis, manginesc silts incline to throw out the dioxuh* at the anode. 
This deposition ensues in result ol the Jivdiolv/alioii of the tcdravahait nmnganese icm 
with a rclativc'h camiplcte breaking down of tin Indroxide to the dioxide at (he anode 
surfaecx The nature and the si ite of the < ithcxh nntcMMl influence the lecpjired 
emf in piactical oi>er\tion, which will be highoi than 1 35 \ol(s, the potential 
gradient between the dioxide and the niangarious ion In sulphate solutions, at the 
ordinaiy tompcMatine of the air, deposition of the dioxide (ominonlx oecMirs under an 
emf of approximately 2, the current efficiency decreasing witli increasing acidity. 
At 70 to 75°C pra(dieally 100 per cent current efficiency is seemed The dt^dine of 
efficiency with increasing aciclitv does iioi pievail at this teinperiitnre as in the cold, 
thus permitting of the (employment of 20 per cent acidity m < xlnune requirements 

Production of Manganese Dioxide from Ores. The inanufaeture of manga- 
nese dioxide from ores consists in the extiactic ii of the metal as a salt, held in 
solution at a low state of oxidation, and its release as dioxide by the agency of an 
oxidizing pi oce&s. There are numerous jiroc esses of this t y fie eapa bio of operation 
with high efficiency and chemical completeness Those, however, are brought 
into competition with production from a \aned supply of the native peroxide of 
tolerable purity that is often adequate Some of these processes have been long 

ir S potentR 1200913, 1209914, 1 2090 H and 1209916 

* U S patent 1203272 

•U S patent 1330738 

« U. 8. patent 1289707. 

* Ger. patent 315335, 
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known, and have continued to render economic service for many years. Others 
have been stimulated by relatively modern interests and possibilities. An order 
of chronological sequence is observed here in the presentation. 

An early and important use, which has continued to be made, of the production of 
mangan(‘se peroxide is in the regeneration of the calcium manganate, which may be 
regarded as a combination of the peroxide of manganese with calcium oxide. This 
appears in a st(‘p of the Weldon process, which at an early time Was the only practicable 
process of cheaply manufacturing chlorine. The process has already been described 
(p. 1270). The Herrenschniidt and Constable process consisted in applying ferrous 
sulphate at the ordinary air temperatures to manganese ore for the extraction of the 
metal in the form of manganous sulphate, recovering also cobalt in a similar form, if 
present, and leaving the iron in the state of ferric oxide as a residuum in the vat, thus 
obtaining a manganese solution for such precipitiltion as is desired. In 1884 Readman 
secured an English i)atent for impregnating ore with a solution of ferrous chloride, 
heating in a suitable furnace to decompose the chloride, and forming the chlorides of 
manganese as well as nickel and cobalt, if preseiit, relatively free from iron for the 
precipitation of dioxide. 

The German patent of Nithack, issued in 1884, provided for spraying the dissolved 
chlorides extracted from on* upon liot inclined plates of fireclay in the presence of 
atmospheiic oxygen, causing tlie release of h^ ilrochlonc acid and the production of an 
oxide of manganese of a lower state of oxidation than tlie dioxide. In 1884 an English 
jiatent was grant (‘d llerrenschmidt to use ferrous chloride solution as a solvent to 
extract manganese and nickel and colialt, if present, from the hnely pulverized ore, 
followed by tlie preeipitation of the nickel and cobalt upon manganese sulphide, or 
liydrated manganese oxide, and recovery of tlie manganese sulpliate by evaporation, 
or the oxide and hydrochloric acid by calcination Further improvements of the 
Herrenschmidi and (Vmstable process, in 1885, consisted in boiling the fine manganese 
or cobalt ore with ferrous sulphate, followed by decantation and oxidation of the 
sulphate. 

The Dunlop process eonsisUd in calcining the native or artificial carbonate of 
manganese to province oxide ol manganese, attempting a high state of oxidation by the 
calcining or roasting action, elevating the teinperatuie to 300 to 400°C., and maintain- 
ing oxidation for 30 hr in a special furnace in which the matenal was supported in 
small wagons with provision for the propulsion of these. M. A. Reychlei shortened 
the duration of the roasting of the Dunlop process to approximately 1 hr., showing that 
80 per cent dioxide could be obtained under the eonditions. More effectively to 
destroy residual carbonate, ]R»ychler moistened the mangan(*se oxide ore wuth dilute 
nitric acid, allowing it to diT before calcining, whereby, at 125 to 260°C., nitrous 
fumes escape, accounting for some 10 i>cr cent of the total nitric acid, and manganese 
dioxide of at least 91 ) 2 I’t'r t't'nt purity is obtained. 

By the Kuhlman process, mtnc^cid is applied in the calcining of the native oxide 
or carbonate, sufticicmt acid being used to convert all manganese to the form of nitrate 
before calcination. Campbell and Boyd m 1893 produced manganous carbonate, 
suitable for the Dunlop process, fiom w'aste sulphate liquors by precipitating with 
sodium carbonate solution, following by washing and drying. In the same year 
Albright and Hood used coal dust in conjimction with sulphuric acid m calcining 
manganese oxide to produce manganous sulphate to be recovered l^y subsequent 
aqueous digestion. The sulphate w as converted to chloride by calcium chloride and 
the precipitated calcium sulphate separated. The chloride was then concentrated 
and the manganese converted to the tetravalent form of calcium manganate by the 
addition of hmc and the characteristic oxidation of the Weldon process. Albright and 
Hood further developed the precipitation of manganese in the form of hydroxide from 
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the aulphate solution by ammonia, recovering the excess ammonia upon evaporation 
and oxidation of the precipitated hydrate. 

Chapman^s patent for producing manganese dioxide consists in roasting manganese 
carbonate with a chloride bah. By the process of C. J Iteeili aqueous manganese 
sulphate is heated with nitrate salts, leaving manganese dioxide in the residue. By the 
process of Dutt & Dutt, the oxide ore and alkaline hydroxide are roasted at 000 to 
750®C. in a current of air in a reveibeiatorv furnace, produi‘ing manganate, followed 
by lixiviating the roasu'd mass to remove iron as feme hydroxide resulting from the 
reaction upon ferrites if present. The mariganute solution is then decanted, evapo- 
rated, and heated m a retort to 500°(' m an atmosiiheie of stiMim, pniducing a resulting 
mixture of manganese dioxide and alkaline hyihoMdc, \\hich is washed to remove 
alkali, and dried. 

The Vadner pioeess consists in bunging sulphurous gas from roasting sulphide 
ores, or produced by the burning of sulphur, into contact with manganese oxide oro of 
5 to 35 per cent. This has been done bv spinying the fine pulp into the gas. Silver 
and base metal, sucli as zinc, aie attacked and dissolved along with the manganese. 
Iron is precipitated by finely divided calcium carboiiat(‘, and the /me is separated and 
recovered by precipitaljon with the like piecipitant at a higher temperature. Finally, 
lime and air are used to piecijutate the dioxide A later iiiipnivenuait of the process 
consists in leiidmg the pregnant manganese solution over inanganesi^ dioxide to precipi- 
tate lead and iron, and treating with chlorine to produce the dioxide of manganese. 
Zinc and lead are both recovered. The manganese juoduct iievei tails below 90 per 
cent manganese dioxide, and under axerage comhiions exccials 09 T) per (‘enl. 

The process of llaslup and Peacock^ consist* in digesting foi 15 hi or more the 
finely ground, low-grade ore with added salts, su<‘li as lerrous sulphate, aluminum 
sulphate, or salts of potassium, that will contribute to the h(‘at of leaction along 
with sulphuric acid not exceeding 55°B<5 Tlie treatment is conducted in a heal- 
insiilated container at a teinperaluie of 150°f\ Hv fiirtliei patiait,’ the actum of tlie 
free sulphuric acid is rcdied upon as the souk c ot heat In any ease tin* temperature is 
developed and maintained by the reaction The digestion is followed by the extrac- 
tion of the sulphate in watei in a coTidition suitable foi conveision to tin* dioxide. 

By the process of IVl L Kapl in^ mangmese carlionate is <*onv(‘it(d to the oxide 
by exposure to air conlainmg nitiic oxide at some 'fhe d(‘composi turn prod- 

uct is recovered by heating tin sulphuiie add solution containing it and which is 
passing from the oxidation chamber. The chief leactioii of the oxidation is as 
follow^s: 

MnCO, -b NO, - MriOa + NO + CO, 

The lower oxide of nitrogen is converted to the highit state by the action of air. By 
Kaplan’s subsequent patents'* provision is made for the treatment of native car- 
bonate ore, or oie containing basic nimeial, by the action of nitiic ii(*id, removing the 
excess of iiilric oxide by the ipplication of heal and producing dioxide suitabk for 
batteiy purposes. 

Sulphurous Acid Process of Van Arsdale.- By this pr()eess« the manganese 
oxide ore, of IK to 20 pcT cent tnanganesr , reduced l^v crushing to 30 mesh, and 
containing water sufficient to produce a mobile pulp, exjxised lo the action of 
sulphur dioxide as contaiiicsl in roaster gas The apiilmnce tiiat has fieen used 
for the absorption of the gas is the revolving cylinder of the Leaver ty|>e, with 

1 U S patent 1415305 
*U 8 patent 1279108 and 1270110 
» U S patent 1291867 
« IT 8 patent 1247278 

» IT. 8 patent 1293461, 129 J462, and 1293463. 

• U. S patent 1304222 
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perforated discs and deflectors. Reaction occurs between the aqueous solution 
of the gas and the manganese oxide in accordance with one or both of the fol- 
lowing reactions’ 

MnOa + SO 2 = MmS 04 (1) 

MnO.2 + 2S()2 = MnSsOe (2) 

The treatment is required to be conducted at an elevated temperature, as with 
gases hot from the roasters. Reaction without this heatihg results in the less 
desired effect indicated by reaction (2) above, which in any case cannot be entirely 
prevented. The dithionate of manganese produced by this reaction thus accom- 
panies the sulphate produced by reaction (1). The treatment consists in a con- 
tinuous and progressive digestion of the ore, or, when preferable, an mtorniittent 
digestion of identical action. « 

To obtain a manganese solution of high density, as, for example, 1.5 sp. gr., a 
progressive treatm(‘nt of at least two steps is necessary, by which the depleted ore 
receives the action ol the fresh gases entering, and the fresh ore imparts highei con- 
tent to the effluent solution passing from treatment. Solution of density as low as 
1.2 sp. gr may be pioduced by eithei the direct or the intermittent piocedure. Filtra- 
tion of the solution lesulting from the extiaction of the ore is piactically necessary, 
Oliver filters having been used with fair success on solutions of 1 2 sp gr., or less. 
No practical way has been found to filtei the strongei solution The clear solution 
from the treatment, following hltration, is e\apoiated to dryness in subheated, cast- 
iron pans, expelling water and sulphuious anhydiide liom the ditliionate and yielding 
a residuum of manganese sulphate The firm adhesion of the salt to the pans requires 
ineehaiiical removal, a ciiisel m an air Inimmer at times liemg recpiired to detach the 
crusts. The dislodged and (ligeste<l residue ol manganese sulphate is calcined m a 
rotary kiln, lined with magnesite brick, elevating the ternpciatuie at tJio heated end 
to 1950®F or higher, and yielding manganese oxide (Mn-jOd in the form of nodules 
containing less than 0 5 p(‘r cent sulphur and of a high degree of jninty. Manganese 
dioxide may be recov(‘red fiom the heated solution also by electrohsis 

Sulphurous Acid Process of Westling.— The Amenean Mangano«?e Products 
Co., of Redwood City, Cal., is ecpiippeil for the manufacture, by J<]. H. Wcstliiig’s 
patented process, of manganese dioxide of a high degree of purity suited to the 
manufacture of chemical products, glass, and pigments The product is not, at 
present, finding the use that should be ('xpet'ted 111 the dry-battery industry, 
owing to competition with natural oxide of adequate purity for many uses and of a 
commonly known and desired })hysi(*iil state. The fine rire, eontaining dioxide 
and other oxides of manganese, is crushed to the 2()-mesh size 01 finer, and thence 
elevated to storage tanks for an intermittent '^upply at a rajiid i ate of discharge. 
The thickened mobile material drawn from the storage tanks enters digesting vats 
of cylindrical form, provided with conical bottomslmed with acidproof brick bound 
with the acidproof cement of the Chemical Construction Co. 

The digesting vats are provided witli corosiron parts and with inner cylinders of a 
form reaemhhng those of the Pachuca tank Sulphur dioxide, with a alight excess 
of air, produced by the combustion of sulphur under pressure in a 8ehutte& Koerting 
burlier, is conveyed, while warm, to the vat, and allowed to react upon the charge 
producing manganese sulphate. After digestion with the sulphurous acid solution 
and with air as described, the manganese sulphate solution and residues are conveyed 
to a tank where a little powdered calcium carbonate is added, to neutralize the solution 



THE METALLURGY OF MANGANESE 127S 

and to precipitate iron and alumina, arsenic, and other impurities. This is done at 
about 50 C. under constant agitation Following this treatment, calcium nitrate 
solution IS added while agitation contmues, n'bultmg in the production ot manganese 
nitrate, which remains in solution, and of calcium sulphate as a pieiupitate The 
mass, consistmg of manganese nitrate solution and residual insokilile material, con- 
taining the insoluble residue of the ore, ferric hvdroxide, basic iron salts, and other 
mineral matter, contains also calcium sulphate crvstaK i\hich coat the particles of 
the fine slime and render it easy of filtration This residue is removed by filtration 
without difficulty by the ordinary Oliser hlter 

Copper, when present in the ore and tiken into solution bj the action of the acid, 
IS precipitated completely by aluminum dust, i separitc' piic ipilation treatment for 
which, when reciuirod, is pro\ided The char solution of manganese nitrate, fr€»ed 
from copper and to a large extent fioiu its oiiginal c ilciuni salts, is evaporated in 
open pans, wliere all further and fma^bC^paiatioii of calc luni sulphate occurs, producing 
( rusts eas 3 ^ of removal The evaporation is continued unde i pressuic m vertical cylin- 
drical retorts ith conic il bottoms piovided ith u idproof lining and c oiosiion parts 
By this final evapoiation treitmcnl manganese nitrate decomposes, pioducmg pure 
manganese dioxide, and rtleising nitiic anh'vdnde, ^^lu(ll is recovered by mc^ans of 
scnibbing towers, in series, the first of which produce's pure nitric acid oi 1 3H sp gr , 
used for the msnufictuio of Ic id nitrite Tlie moie liiglily diluted add rcTOveiCHl 
from the succeeding towers is brought to the required stiength In svstonuitic and 
progressive absoiption of the nitric gises The pure pioduct is obt umd in the form 
of an oasib settlc'd, fine, granulai material that is readily washed, settled, diied, and 
recoveied 

Manganese Oxide as an Interfering Mineral.— Tlio extraction of silvej, 
and in some cases of other metals, fioin ores in winch tiie inc'tal of high value is 
found in close association with the dioxide or othci oxides of manganese has bc^en 
notable foi the difficulties that \ui\ v Ikhui c ik ountcTC'd Attempts of many kinds 
have been made to scpaiate the mangiuese oi to render its influence otherwise 
negligible Smelting tlie oie meets with no intc'rfeienc e beyond that common to 
iron oxides, since manganese in inodcjate piopoition cmtcMs slags in fhe foim of 
oxide, or silicate, as iron would do When metals are to be extiacted by cyanide 
solvent, however llio interfeicncc is maikcd 

By the' process of A Ci 1 leiich, pitcmted m 1913, manganiferous sulphide ores of 
zinc, lead, or silver are tioitcd to rccovti the mangmc'st by roasting at 700°C , 
followed bv incorporating with (ho on some 5 pen cent of sodium bisulphale, and wet 
grinding, followed further by loiching, m which treatment Hiilpliates of sodium, zmo, 
and manganese ire extruted Ihe solution is siibjtctMl to (IcctrolysiR botwcjcm 
anodes of le<id and c ithodcs of /me, at 2 5 to 4 > volts and 200 to iOO amp pei square 
meter of catliodc smface The Trmnganep(» oontont of the electrolyte is controlled 
to wilt the conditions of deposition of the zinc, tdding, whc*n ncxessary, manganese 
sulphate* produced bv the. action of aC|U 00 UH sulphur dioxide of tire furnaec* gases upon 
the manganf*8C' dioxide ore, using the spent electrolyte an aqueous carrier of the. 
sulphur dioxide from the roaster gases and as a solvent ol the maiigaiKJSC yielded by 
the ore 

The Vermaos process^ for the treatment of manganehe-silver ores consists of a 
reduction roast in the presc'nce of a chlondizmg agent at a temperature below the 
volatilization tcmpeiatun of silver chloride, followed by extraction with water and the 
recovery of the silver from the ore by cv anide Carpenter’s process for the treatment 
of manganiferous silver ores consists in a chlondizing-volatilizmg roast at 1(K)0®C , 

1 U S patent 1234420 
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recovering silver from the collected fume and by the cyanide treatment of the residue. 
L. W. Austin has patented a process* which consists in adding raw pyrite with sul- 
phuric acid to manga niferous silver ores, following by water washing and cyanidation. 
Many similar but minor expedients of varied sorts have been resorted to in the effort 
to obtain a satisfactory recovery of the precious metal from ore of this character. 

Physical Properties of Manganese Dioxide. — ^The physical properties of 
manganese dioxide arc well observed in the properties of th^ pure minerals which 
have been mentioned. It is, however, most difficult to obtain from any source a 
manganese mineral that may be said to be a dioxide of absolute purity. As a 
chemical precipitate, produced, for example, by the Wcstling process, the sub- 
stance is a grayish-black powder, composed of hard and compact grains. The 
desired quality for depolarizing purposes and the existence of a colloidal form are 
elsewhere explained. The dioxide by recent experiment is found to bo slowly 
acted upon by hydrogen or hydrogen sulphide at ordinary temperature and 
atmospheric pressure, resulting, in the one ease, in the formation of a lower oxide of 
manganese and in the other of the sulphide of manganese. By the process of 
Clevenger and C'aron, manganese-oxide ores are treated to reduce the oxide to a 
lower state to facilitate recovering manganese by magnetic concentration. 

Compounds of Hexavalent Manganese. — Tlie hexahydroxide of manganese is 
not known, nor is the free acid corresponding to its partial anhydride (HoMnO/j), 
which would correspond to manganic acid. The salts of this acid are known, 
however, and for the alkaline el(‘nients are stable and important under certain 
conditions. These salts are stable also in a state of alkaline fusion. In alkaline 
solutions they resemble the sulphates in comportment and with thon they are 
in some cases isoniorphous. When manganic salts are rendered neutral or acid, 
depriving the solution of negative ions to support the lower radical, the manganese 
passes into the beptavalent form and ])rodures ilie well-known permanganate, 
a typical salt of which is permanganate of potassium (Kl\InO^). In this transi- 
tion from the hexavalent to the beptavalent form, an oxidizing action is implied, 
and a draft upon the action of some oxidizing agency is naturally made. When no 
agent is siq)plied, the manganic ion (MnOi) is itself in part reduced, producing 
the dioxide (MnOs) and yielding the oxygen required to produce permanganate. 
Nitric acid facilitates this reaction but does not amply yield the oxj^geii required. 
Chlorine and bromine are agents naturally suited to the reaction. 

The prevailing color of the manganates is green, while tiiat of the permanganate is 
violet. The tranBiti(m from tlie violet to the green color implies always a change in 
the state of oxidation when it appears to follow the alteration of the acidity. The 
green or liexavalont fonn is highly .stable at high temperatures and tends to take 
oxygen from any available souree, as is the case when the dioxide is fused with alkaline 
hydrates. By its pronounced color it is a common evidence of the existence of man- 
.ganese in fused mixtures. The alkalinity required for the existence of the manganate 
state in contact with water renders the salts important chiefly as transition products in 
the production or employment of permanganates. 

Compounds of Heptavalent Manganese. — The ready transition of manganates 
into salts containing the heptavalent anhydride (Mn^O?), resulting in the forma- 
tion of permanganate, is indicative of the stability of permanganate salts under 
normal conditions, and under conditions of acidity. In this form the manganese 

» IT. a patent 1327974. 
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resembles the chlorine atom which appears in correspondinj? combinations as per-* 
chlorate. Permanganic acid, itself, is stable in acid solution. It can be produced 
by decomposing barium permanganate with sulphuric acid, which removes the 
barium as an insoluble sulphate. The attempt to isolate absolutely i>ermanganic 
acid results in producing the anhydride (MnaOr), which is a violet-brown oily 
liquid, liable to explosive decomposition into oxygen and manganese dioxide. 
The reduction of permanganate, when emplt)ying it as an oxidizing agent^ 
is thus different in result according to the relative presence of acid or base. In 
acid solutions, permanganates leave the dioxide as a decomposition product. 
In alkaline solution, the product is a manganous salt. Most substances, whether 
of mineral or of organic nature, that are eoiieeivcd as being susceptible to oxida-> 
tion are attacked and oxidized by permanganate in solutions or added to fusion 
mixtures. 

The alkaline manganates and porniangaiiates arc produced in v^‘l^lo^8 ways, the 
principle of the treatment commonly being that of the oxidizing-alkaline fusion of 
manganese oxides. The action is commonly conducted in kilns by allowing air to 
react upon finely ground manganese dioxide and alkali. For ample >ipl(I and best 
results it is preferabh' to employ potassium livdroxide in an iiinoiiiit ecpii valent to 
2.5 molecules for each molecule of the dioxide, maintaining a tciiipeiaturo of some 
300°C3., and supplying moisture with the air. By the process of Sliocld,^ the perman- 
ganate is produced from the niangaiiute solution, of 1.15 to 1.2 density, by oxidizing 
electrolysis, using porous anode compartments. The Bi ('water procesa^ provides 
for the oxidation to permanganate by the applicataui of clilonm to the hot solution. 
The patents of I^rivelace, Banning, and Judefind® are for tin* production of aodium 
permanganate fiom aodium hydroxide by employing anodes of innngani'ai' containing 
tungsten, molybdenum, or silicon in anode compartmt nta. Jaimes (\ VdelM makes 
use of the presence of the oxide of iron in an oxygenation treatmi'iit of alkali and man- 
ganese oxide in the presence of air. MacMillan^ n(*complish('s the reaction with the 
alkali by fine comminution of tlie mixture while at a tenqiciature of 4(M) to 
A patent of McC'orimiek” provides foi mixing inangaiiese dioxide ^with an acpieoiis 
aolution of alkaline hydroxide, and evaporating the mixtine to dryness, followed by a 
moderate elevation of the temperature to produce alkaline rnangaiiatc. By the 
patented process of Vanderklced,^ sodium inanganate is produced by the fusion of 
manganese dioxide with sodium peroxide. 

Analysis of Manganese. — The chemical deteririination of manganese with 
assurance of accuracy in ores, or as a component of iioii and steel, has been always 
an involved and exacting ojx'ration. Many rm'thods are known, some of wliich 
have been shortened to become methods of convenient assay. The element, when 
present in iron and steel, commonly re<|uires the longer procedure of (|uantitativc 
analysis for accurate deterrninfition. One may read A. A Jilair on the C hemical 
Analysis of Iron,’’ or Sutton’s ‘‘A^olumetric Analysis.” The zinc oxide method of 
Lowe® is commonly accepted as lieing well suited to oies. The method of 
ClcnnelP is suited to the determination of the oxanganese alloy with aluminum. 

» U S patent 1281085 

* U fl patent 1201751, 

3 U. 8 patents 1291680, 1201fiSl aud X201682. 

* V, 8. patent 1318432 

B 11 8 patent 13X8891. 

« U S patent 1337239 

» U. 8 patent 1339242 

^ C/. Low’s “ Technical Methoils of Ore Analyses,’' 

< Min, (1918), 407-4X0, 
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Manganese accompanying other metals is commonly freed by utilizing the per- 
manence of its salts in acid solution in the presence of hydrogen sulphide, and the 
stability and insolubility of its sulphide in alkaline solution, iron being previously 
removed and thus not here under consideration. The manganese, therefore, accom- 
panies zinc, nickel, and cobalt, from which, along with zinc, it is separated by the 
greater r(*adiiiess of its sulphide to react with dilute acid. It is separated from ferric 
iron by the relative solubility of the manganous hydrate in ammonium chloride, and 
from zinc by the relative insolubility of the manganous hytiroxide in alkali. The 
possible electrolytic deposition of the dioxide upon the anode of the electrolytic cell 
permits of separation from most other metals, lead being excepted, and, under certain 
conditions, silver. 

Economic Demands. — The great demand for manganese arises in its metallurgi- 
cal use as metal in ferroalloys and the industrial uses of dioxide and the several 
well-known compounds recpiired in many varii'd applications. The production 
of the pure dioxide is seem to be a btarting point for the manufacture of most compounds 
as well as for the preparation of the metal. Manganese minerals and products of low 
grade have been used for a wide variety of purposes, in some cases as coloring agents, 
as in the manufacture of terra cotta of required shade, or for cements and other 
construction mati'nals. The use of manganese as a fertilizer has been shown by years 
of experience to have lieen helpful as a crop stimulant in the cultivation of oats, in 
which case the carbonate is commonly preferred, but is of neutral (‘ffect and of little 
value for most othei agricultural uses. Under jiresent conditions, a low content of 
manganese in ores oi mmeials signifies little value except W'Ikto a high degree of con- 
centration 01 a simple process of chemical extiaction becomes possible, 



CHAPTER XXXVIII 


COBALT 


By Gordon C. Mutch' 


Cobalt Ores. — There are few deposits of cobalt ores that are at present being 
worked. The most important depoi^its are at Cobalt, Out.; Missouri; New (^ale- 
doiiia; Belgian Congo; Schneeberg, Germany; and Mount Selwyn, Australia. 
Some cobalt concentrates are at present being shipped from Mount Selwyn, 
but the bulk of the cobalt ores now being smelted come from Cobalt. Cobalt 
occurs, as a rule, associated with nickel. The Missouri deposits are composed of 
sulphides, the New Caledonia deposits are oxides, and the Cobalt, Out., minerals 
are mostly arsenides and sulphides. 


In a considerable number of the cobalt minerals cobalt 0 (M'urs as arsenide, 
antimonide, sulpliide, and oxide associated with iron, copper, silver, and nickel min- 
erals of a somewhat similar nature. Among theai may he mentioned: cobalt bloom 
(erytherite—ro.iAs208 HHaO); cobaltite, (C^oAsS); sm.dtite ((^oAsa); inccolite (NiAs); 
chloanthite (Ni Ass) ; inispickel (TeAsS). 

The geology of the Cobalt, Ont., tlepohits has been studied exhaustively by Onlario 
government geologists, and the results of their work have been made the subject of 
several of the reports of the Ontaiio Bureau of Min(‘s 


MetaUurgy.- Technical literature contains little information upon the 
metallurgy of cobalt as it is practicc^d today. The cobalt sinQlters have kept 
their processes secret, and information about the various methods of smelting is 
consequently rather scarce. As a result, the industry has suffered somewhat by 
being deprived of the benefits of the interchanging of ideas and the inutually 
helpful discussions that are the custom among copper metallurgists, (kmsider- 

able ingenuity has, however, been exercised by the cobalt smelters on this ronti- 

nent, so that now they are able to compete favorably with the Euroiiean 
producers whose processf‘s an* consitlcrably older. 


In connection with the development of the cobalt industry on this continent, the 
following description of th<‘ first successful smelting operations (liXlS) on a commercial 

scale on Canadian cobalt oi es is of mt (Test . 

The ore was smelted to bullion, sp(*iss, slag, and arsenical fume, very much as has 
been done since, except that the first smelting furnace was a coal-fired reverberatory. 
This furnace made speiss very low in iron, say 5 to 7 piT e6nt , aiu^lags that s(*ldom ran 
less than 30 oz. of silver per ton. The speiss earri(*d 3,r>0() to 5,5^ oz of silvcT per ton. 
The reverberatory furnace was not long used, but was replaced with a small circular 

in a Krupp mill and roasted in a small hand-rabbled furnace 
which it was seldom possible to get hot enough. It was aimed to get nd of all 
arsenides, but not to make a ptoduot very low in arsenic, as the difficulty in doing so 

I Metallursieal 4 Chemical Corporation, Mattawan, N J 
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was thoroughly appreciated. It was seldom that the total arsenic in the product was 
as low as 18 per cent, and 22 per cent was probably the average. 

The roasted speiss was screened through a 20-me8h screen, the oversize returned to 
the Krupp null and the fines mixed with water and sulphuric acid in a coal-fired mixing 
pot having a duplex stirnng arrangement. Here the metals were practically com- 
plet(‘ly Rulphated and a considerable amount of arsenic driven off. When all action 
had ceased and the material was reduced to a granular condition, sufficient soft coal 
was worked in to reduce all AS2O6 to AS2O3 and all Ag2S(?4 to metallic silver. By 
cautiously heating the resulting mixture with exclusion of air, the AS2O3 could be mostly 
driven off; the residue containing only about 1 to 2 per cent of arsenic, an amount 
small enough to insure its removal with the iron in the subsequent treatment. 

The foregoing treatment of speiss worked very well, and if proper mechanical 
devic/CS and fume-liandling apparatus had been^used would have been the best way to 
deal with it. The apparatus was quickly destroyed and the fume-collectmg arrange- 
ments were entirely inadequate. Instead of curing these' troubles, the scheme of sul- 
phating and dissolving sulphate directly was adopted, as it was considered that the 
cheap blast -furnace smidting of the bulky muds would be the most feasible thing to do. 

Upon long-continued boiling of the sulphates in water, by far the greater part of 
the nickel and cobalt was obtained in a neutral, practically iron-free solution, and the 
whole of the silver and the arsenic, and most of the iron in a mud, which contained 
about 72 per cent silver. 

The solution of cobalt and nickel was treated with scrap iron to remove the very 
small amount of cojiper present, and then blown with air and soda asJi added to get 
rid of the small amount of iron. 

The iron-free solution was in part treated with soda ash to thiow dowm “blue 
mud,” a mixture of liydroxides of cobalt and nickel. Th(* blue' mud was washed to 
remove sulphates as far as possible and was then pulped m a solution of common salt 
and electrolyzed in a modified Haas-Oettel cell, using graphite plates. Each cell took 
about 100 amp. at about 00 to 90 volts, and peroxidized the metals very efficiently. 

The mixture of nickelic and cobaltic hydioxides was sepaiated from the brine and 
after washing was boiled with stiong cobalt-nickel sulphate solution to get rid of the 
nickel. This rertctioii (lleriensclimidt’s process) did not w'oik well enough and it was 
always necessary to use some acid to reduce the nickel content to a passable amount. 

Although it appears probable that the Herrenschmidt pro(*esH may be made to 
work satisfactorily for tlie separation of the greater part of the cobalt from nickel, it 
has been impractical to make cobalt oxide with less than 2.5 per cent nickel, or nickel 
solutions with less than 1 cobalt to 5 or 6 nickel by this process. 

The present cobalt processi's retain most of the features mentioned above. 

The two chief operating (‘oinpanies on this continent are the Deloro Smelting & 
Refining Uo., Deloro, Out., and the- Coniagas Reduction Co., Ltd , Thorold, Ont. 
These smc'lters treat cobalt ores, concentrates, and residues from the silver mills at 
Cobalt, Ont. 

Present Practice. — One of the processes at present used is briefly as follows: 
The ore is charged to tlie blast furnace and smelted with the necessary fuel and 
flux to form a speiss and to slag off gangue matter. Speiss is an artificial arsenide 
or antimonide. The speiss is ground and given an oxidizing roast, during which a 
large part of the arsenic (and antimony) is driven off. This is followed by a 
chloridizing roast with NaCl. The chloridized speiss is then charged into agitat- 
ing tanks and the silver extracted by cyanide solution, from which it is recovered 
by precipitation with aluminum dust as metallic silver. In this process most of 
the cyanide is regenerated. The residue from the cyanide treatment is sulphated, 
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most of the iron, copper, arsenic, antimony, silver, cobalt, and nickel being thus 
made water soluble. The sulpha ted speiss is charged to agitation tanks containing 
water and the resulting pulp agitated. The iron, arsenic, and autiniony are 
then precipitated from solution by means of ground limestone. The solution is 
then freed of copper by means of soda ash and the cobalt and nickel precipitated 
fractionally by inean*^ of alkaline liypochlorite solution. The cobalt and nickel 
''muds'’ are calcined tp commercial oxides and sold as such or reduced to cobalt 
or nickel metal. 

By another method at present being practiced the ore is not cvanided, Init other\v ise 
tins process is much the same as tliat previously outlined In this pnicess the ores are 
smelted in the blast furnace to a speiss caining tin (ohalt, iiuktl, and silvei This 
speiss lb roasted to drive off arsenit and aiitiiiioiiv . Tin ro isti d speiss is sulphated and 
the sulphated speiss dissolved in watii. The tieatiiKut of the solutions is thence- 
forward much the same as that of the preceding method The essentnl difference 
between the* two piocessos is that b'v one the silver is recoM red by cvaiudmg, by 
the other the silvei is recoveied m the precipitate obtained by innitiali/mg the slightly 
acid solution of the dissolved speiss This precMpit ile, high in silver, is smelted in the 
blast furnace, producing a crude silvei bullion which is itdmcd clectrolytically and 
shipped as bullion 999 fine 

Blast-fumace Smelting of Cobalt Ores. — The blast -furnace products may bo 
(lassifiod as crude silver bullion, sjmuss, matte, and slag Thc»se foui pioductn 
are given in the ordei of thoir specific giavities Thc' bullion is the* lu'avicst and 
the slag the lightest. Fume and dust aie also ic'coveied and constitute with the 
gas the romauiing products of the* fiiinac'e. 

Bullion, speiss, and m itte ire t ipp(*d from tlic* cuicible of the furnace into pots 
The slag is also tapped into pots w he n it is dcsirc'd to re turn it to the* furn icc*, otheiwisc 
it IS granulated Gases, fume, and dust fioin the (huge pass from the t,op of 
the furnace tlirough u dowrice mei to flues, where most of the flu( fliist s(*tthsout, the 
fume being blown by a fan into tin bag house, w h( le e rud( ars< me is les o\ tied. The 
hags aie made ot wool Thc’^ aie shaken at interv ils and tlio (ludi'^rHcnie, (ontami- 
nated with PbO and Sb20<, tails into the aiseiiu (t*llai*s Guide sil\e*r bullion m 
obtained as sue li in the speiss pots when the e h uge to the furnac c is suHicie ntly rich m 
silver to saturate the speiss ind matte anel h ive silvei lt‘ft over to foim bullion By 
precipitation with inetallit iron the speiss and matte* (an be* nd of most of itssilve*r, 
the iron replacing the silver Tlie silver eollests in the bottom of the h])(*ihh j)ot and 
upon csioliiig sej).irate*s (*asily from the* solidified speiss liOad and esippe^r are the 
chief impurities m the e nide bullion, but the impuutje*s w ill d(‘pen(l upon the e harge to 
the furnace. This bullion issays approximately 750 to HOO one and, as has bcem mcn- 
tiemed, is brought up tei maiket fineness by eleetieilytic lefiuing 

Speiss IS an artificial arsenide* e>r antirnemide In the* ease* of tlie c*tibalt oresH its 
antimony ce)nte*nt is usuilly negligible* eonijitirc'd to its arsenic ceintc'iit A typu*al 
analysis is : 


Per eent 


Co 

Ni 

Vs 

le 


Sb 

Ag 

20 

12 

i 

2d 

1 1 

18 

1 


1 

1 

800 oz. 
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The charge must contain sufficient arsenic to combine with the cobalt and nickel. 
If there is not sufficient arsenic in the charge, or if too much of the arsenic is oxidized 
or volatilized and passes out in the fume, then cobalt and nickel will be slagged off. 

The affinity for arsenic of nickel, cobalt, and iron is in the order given. Their 
affinity for oxygen is in the reverse order, hence iron will be oxidized in preference 
to cobalt, and cobalt in preference to nickel. It is necessary, therefore, to prevent 
oxidation of cobalt compounds, and to do this it is necessary to prevent too much 
oxidation of iron. The usual speiss made runs approximateljf 18 per cent iron and 23 
per cent arsenic, but this will vary according to the extent of oxidation permissible 
in the charge. The ratio of iron to arsenic in the speiss is fixed within certain limits. 
It is dcsiralde to have iron present in the speiss in such amounts that, when the speiss is 
roasted, the resulting calcine will have approximately a certain Fe;As ratio. The 
reason for this will be made clear later. 

The speiss, therefore, should contain all thf* cobalt and nickel, together with the 
combining arsenic and the necessar>^ iron. Matte as formed in the cobalt blast furnace 
always contains some arsenic. Some “mattes” that have been made approach more 
the nature of a speiss, as their arsenic contents have been nearly as high as their sul- 
phur contents. They ar(' called mattes, however, because the percentage of arsenic is, 
as a rule, very low, the metals being present mostly as sulphides, and also because 
“matte” forms a separate layer from speiss in the pots. The two are usually easily 
separable after the speiss pots are cooled. Mattes usually contain a higher ratio of 
cobalt to nickel than speiss formed at the same time. If the ratio of cobalt to nickel in 
the charge is 2: 1, then the ratio of cobalt to nickel in the matte will usually be greater 
than 2:1, and in the speiss the ratio will be less than 2:1. 

The usual practice is to form as little matte as possible, as it requires a different 
roasting treatment than speiss. It is impossible, liowever, to avoid forming some 
matte when sulphur is present in the charge. When matte is made in small amounts 
it is usual to mix it in w^ith the speiss and treat it as speiss. This is not possible where 
large amounts of matte are made. 

The matte contains considerable iron and silver A typical matte will contain: 


Per cent 


C^o 

Ni 

As 

Fo 

(\j 

S 

Ag 

9 

4 

.5 

27 

12 

1 

23 

1 

2,0(K)-7,000 oz. 


It is impossible to effect a complete concentration in a matte or in a speiss of cobalt, 
nickel, iron, copper, or silver where matte and speiss are being formed at the same time 
in the furnace. 

Limey charges tend to prevent the formation of speiss and to encourage the 
formation of matte. The use of too much limestone is on that account to be avoided. 

Slag. — The usual slag is a bisilicate, alumina being considered neutral. The 
chief constituents are Si02, FeO, OaO. AI2O3, and MgO. The slags vary, how- 
ever, frequently, variations being caused chiefly by such ingredients as PbO, 
MgO, and ZnO, which occasionally cause the slag to flow poorly. The silver 
loss in slag is kept around 3 to 4 oz. per ton and nickel plus cobalt under 1.00 per 
cent. 


COBALT 


1283 


In calculating the slag it is necessary to allow for the iron required by the sulphur 
and arsenic to form matte and speiss, the remainder of the iron being, after oxidising, 
available for slag. The extent of oxidation in the furnace will depend chiefly upon the 
coke and the air supplied. It is customary to use about 12 per cent coke on the charge, 
but this may be cut down to 10 per cent on charges in which then* is sufflcient heat 
developed by the oxidation of the As and Sb to AssOa and Sb203 and the S to SO2 to 
carry on the smelting operation. 

It is frequently neof'Ssary to add return slug to the charge, especially where fines 
constitute a large portion of the charge. The coarse slag Jielps to keep the charge 
open and aids in melting it. 

Charging.— The furnaces in operation at present are liand charged, the ore, 
fuel, and fluxes being brought to the feeding floor in whe<‘lbarro>^'H. The coke on 
each charge is fed in first. Hand Seeding, when carefully done, helps to avoid 
caking in the furnace, which may easily occur when smelting the varied by- 
products of the plant. Fines have been briquetted, but no ^special difficulty in 
smelting them has been experienced w^hen they an* not briquetted. 1’he extra 
expense of briquetting may in some cases be worth tlie increased .^pec(l of smelting, 
but it is not general practice with cobalt concentrates or fine rcsidties. 

The blast furnace frequently has to liandle on short notice large amountH of 
precipitates from the wet plant. These* often contain as liigli .as 40 jx v (a*nt moisture 
and their nature is by no means homogeneous. As a r(*sult, il is frecpiently impossible 
to calculate a charge for the material being smelted and (‘xpenence alone serves as a 
guide to the operation of the furnace. 

f^ume. — The fume from the arsenic collars is heated in hand-fired reverbera- 
tory furnaces and As2C)j and Sb203 sublime. The SbA)j is sejiarated in flues from 
the most of the As20j, which passes tlirough flues to tlu* ars(*nic bag house, whore 
it is obtained as 09 per cent As2()3. The unsubhmed residm* from tlie arsenic 
furnaces carries silver and considerable lead, together with small amounts of cobalt 
and nickel. It is returned to tlie lilast furnace. ^ 

Treatment of Speiss. --The “raw'’ or “green" speiss from the blast furnace is 
crushed and ground and then roasted in Bruckner coal-fired roasters to (*liiuinaie 
arsenic and antimony. C’ompletc elimination of th(*se is not possible. The usual 
practice is to roast to about 10 jior cent arsenic. A furtlier r(*ductio/i in the arsenic 
content of the calcine is possible by prolonged roasting or by the addition of a 
reducing agent, such as coal or coke. Boasted sp(‘iss may by such means be 
brought down to 3 and 4 per cent arsenic, but such practice is not commercially 
practicable. 

The arsenic in the calcine is largely present as ar.s(*nit(*. When powerful basic 
substances are present, arseiiit(‘s take up oxygen and become arH(*r»ate,s. When no 
free oxygen is present the arsenites decompose into arsenates and ai.senic ^ apor. 

5AS2O, -> 3AS2O6 -f AS 4 , 

When there is excess oxygen, high rod heat, and absence of powerful basic substances, 
then the arsenite condition is the stable form and A.S2O1, > AS2O3 H- (/?. 

During the initial stages of roasting, the charge must not be heated up too rapidly, 
or it will stick to the sides of the furnace and will ball up considerably. When the 
temperature of the calcine is approximately 400°C’. the charge becomes self-roasting 
and during this stage the external source of heat is removed. When the self-roasting 
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stage is over, the temperature is raised to approximately 850 to 900®C. until sufficient 
dearseiiization has been accomplished. The calcine is then in the cyanide process 
given a chloridizing roast, during which a further reduction in the arsenic content of 
about 2 to per cent tiikes place. If the roasted speiss iS ■ftot to be cyanided it is 
ircgrotind and sulphated*. 

The gases and the fume from tihe roasters pass through a system of flues to a Oot- 
trell treater. In the flufes and treater practically all of the arsenic is recovered. 

c 

•Sulpfeliting. — The roasted speiss or residue from the cyanide treatment is 
mixed with concentrated sulphuric acid in a cast-iron pot and is stirred by 
paddles rotated from a central shaft. The mixture is of a soupy nature and when 
sstirring is finished it must be run out of the mixer while still fluid, as when the 
sulphating action commences tlie speiss rapidly hardens. The amount of acid 
added is usually adjusted so that there will*be sufficient acid present to convert 
all the metals to soluble sulphates. There is always a portion of the speiss not 
attacked by the acid and, therefore, this portion of the speiss is undissolved in 
the first dissolving process. 

Dissolving the Speiss. — The sulpliated speiss is charged into wooden tanks 
and agitated with water. Most of the copper, iron, cobalt, nickel, and arsenic 
are dissolved in this process. Antimony hydrolyzes rapidly and most of it pre- 
cipitates as a very fine white precipitate. It is usual to have a certain amount 
of free acid present in the solution, and this is neutralized by the addition of 
calcium carbonate. On neutralizing the acid, most of the arsenic, antimony, 
and some iron are precipitated as iron arsenate, antimoniato, arsenite, and 
antimonite. The precipitate fornu'd carries down with it the hydrolyzed anti- 
mony precipitate and also the silver and the insoluble portion of the speiss. The 
solution is pumped tlirough presses and the imid is returned to the blast furnace. 

This mud carries practically all the silver iii Ihe speiss and ^here the silver has not 
been previously exlraeted l)v eyanidation this rnud acts as collector for the silver and 
is smelted m a gimilar manner to a lugh-grade silver coneeiitratc yielding a crude 
silver bullion wlion smelted in the furnace. 

Precipitation of Iron. — The solution is tlien freed of iron and arsenic by precipi- 
tating the iron with ealeium carbonate. The last traces of arsenic are brought 
down with the iron and the solution is then sent to the copper tanks for elimination 
of the cojiiier. To insure the removal of all the arsenic it is usual to have sufficient 
iron ill the speiss solution to combine with the arsenic to form ferric arsenate 
(FeAs(> 4 ), ?.c., 56 of iron to 75 of arsenic. It is customary to allow a margin of 
safety, so that the iron may be to the arsenic in solution as high as 2 or 3:1. 
This is why it is always necessary, to have a certain ratio between the arsenic and 
the iron in the original green speiss. Where the speiss is high in copper, this 
ratio may be somewhat lessened, and may be as low as 1.5:1, as copper aids in 
the precipitation of arsenic. The iron mud is usually a waste product. 

Precipitation of Copper. — To the solution from the iron tanks sodium carbon- 
ate is added. This precipitates all the copper as a basic carbonate. When the 
ratio of cobalt plus nickel to copper in the solution is high, some cobalt and nickel 
will be brought down with the copper. This copper mud is dissolved in H 2 SO 4 
and sent to the bluestone plant. Here it is crystallized as copper sulphate. 
The mother liquor^ enriched in cobalt and nickel, is returned to the system in 
the cobalt plant. 
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la the crystallisation of copper sulphate from a solution containing cobalt and 
nickel, the first oi crude crystals are formed from a solution whose original specific 
gravity as dehvered to crystallizing tanks is approximately 1 40 The solutions con- 
tain varying concentrations of copper, cobalt, and nickel The first crystals will 
form uncontammated with cobalt or nickel until the concentration of cobalt and nicke) 
IS great enough to cause the formation of a darkK*olored crystal on top of the blue 
copper crystals. The dark crystals arc a double sulphate of coball and nickel When 
these crystals commence to appeal, the mother li<iuor is pumped bark to the cobalt 
house and the crystals removed, washed, and latei redissolved and reciystalhzed. 
The bluestone plant provides one metliod of disjwising of t lie copper At the Missouri 
Cobalt Co , copper was removed from solution by electnxleposition previous to the 
elimination of iron in the cobalt plant (^)ppei inav also b(* prcf ipitated b> scrap iron 
or may, ns at Maletra (he , France, be precipitated bv HiS, the solution being boiled 
after filtering to drive off H 2 S • 

Manganese. — This is not present m very great amounts in Canadian ores, 
hut in the smelting of New Caledonia ores it had to b(‘ eliminated It was 
customary to precipitate cobalt and mekel from n solution eontaining cobalt, 
nickel, and manganese by means of sodium suliihide, the manganese remaining 
in solution 

Precipitation of Cobalt. — Cobalt is precipitated from the sulphate solution 
after copper has been icmoveil The precipitants are alkaline livpoehJorites, 
usually a solution of NaOCl made by passing chlorine gas into a solution of NaOH 
and Na 2 C 03 It was formeih the practice to use CaOCl, (bleadung powder) 
in the maiiufaetuie of the sodium hypoihlonte The ine of liquid chlorine as 
developed at the Coniagas deduction (h) possesses se\eTal obvious advantages 
over this former method l\ere ( hiOCI used as an emulsion the (hiO of the 
bleach would form insoluble calcium sulphate when suljdiate solutions are being 
tieated This would liave to be washed out of the pieiupitate by means of hot 
Na 2 C 03 solution and would entail unnecessarv tioul)!(‘ 

The precipitation ol cohall from a sulphate solution bv alkaline hvpodi Ionic sohl- 
tion 18 obtained hv a rather (omplioited leaition I pon the addition of the bleach, 
the fust reaction taking place is appaientb the procipilntion oi a baHic carbonate of 
cobalt of the composition j CoCXla f/ Co(OH )2 -f IbO The subweciuenl reaction ib 
probably 

2Co( 01I)2 jNaCIO -j- H/) NaCl -}* Co20« 3HiO or 

2Co( 011)2 + 2NaOH f C’b ->2NaCI -h (’ojO.dllA) 

The cobaltic oxide (Co/) ) undeigoes lapid altirnate rediution and oxidation in the 
presence of hypochlorite It, tin re tore, acts as a ( atalytii .igent and promotes rapid 
evolution of oxygen from a lonunuous streim of bleach solution 

It IS probable that not all of the ( 1 of the bleach forms NaCl, but that a certain 
amount of frc'e HCl and C^l is bbeiated Ihe amount of ( 1 libc*ral(d is small The , 
amount of HCl formed is sometimch consideiable, and some of this immedia«ely reacts 
with the CoCOd of the basic prccipiUfc evolving (T)^ ai^d foiming (’od^, fnmi which 
cobalt IS again pieeipitatc'd bv fresli blc^ach solution, which is kept running into the 
tanks m a small stream duiing the jiroec'ss of precipitation 

The precipitation is stopped when nickel commences to come d wn with^ the 
cobalt. Tins will occur according to the ratio of nicked to cobalt m solution Solu- 
tions with a ratio of 2 to 1 Ni may be earned much farther in the precipitation of 
mckel-free cobalt than solutions where the Co to Ni ratio is as 1.1, 
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As it is desired to make an oxide with under 1 per cent nickel, it is usual to keep the 
nickel in the “mud” under 0.6 per cent nickel, consequently, when the cobalt pre- 
cipitate begins to be contaminated with nickel, precipitation is stopped and the pulp 
pumped through a press. The color of the solution is used as a guide in the progress 
of the cobalt precipitation. When solutions of cobalt and nickel sulphates are mixed, 
various colors result according to the concentration of the two in solution. It is usual 
to adopt a standard solution as a colorimetric standard for the guide of operators. 
When the solution in the cobalt tank reaches the required colrr, then the precipitation 
is stopped. The color of cobalt sulphate solution is rose red, that of nickel sulphate is 
green. A mixture of cobalt and nickel sulphates in the ratio of approximately 2 Ni: 
1 Co is, if the solution is fairly dilute, practically colorless. It will be seen then that a 
variety of shades is obtainable by merely altering the concentration of either the cobalt 
or the nickel. 

Tlu‘ “mud ” from the cobalt tanks is a dark -brown color. It contains, when dry, 
approximately 50.0 per cent cobalt. It is calcined witli soda ash to split up basic 
sulphates of cobalt and the calcine washed and dried or given a roast to bring the cobalt 
content to that required in the oxide for shipment. Black oxide approximates 71 
per cent cobalt plus nickel. The nickel is usually under 1 per cent. Gray oxide is 
obtained from the hydrated oxide in a similar manner to the black oxide. It is given 
a longer and hotter final calcine than the black. This raises the cobalt content to 75 
to 76 per cent cobalt. The oxide is pulverized and shipped as black or gray oxide. 
The gray oxide may also be reduced to metal. 

Precipitation of Cobalt and Nickel. — The solution from the cobalt tanks is 
sent to the intermediate tanks. Here the last traces of cobalt are precipitated 
by the further addition of bleach solution. Home nickel comes down with the 
cobalt. The ratio of cobalt to nickel in a typical intermediate mud is approxi- 
mately 9 of Co: 1 of Ki. The ratio of (\^ : Ni in solution previous to the precipita- 
tion of the intermediate mud is approximately 2:3. The intermediate mud is 
redissolved and r(‘turned to the system. 

Precipitation of Nickel. -The solution from the intermediate tanks, after 
being freed of (^)balt, contains aj)proxiniately 5 to 8 g. per liter of nickel, together 
with considerable NaCl, MgSOt, and Na.!H()4. The Na(3 is formed during the 
bleach reaction. The NaL«S04 is formed in the copper tanks and the MgH04 
is formed when dolomiti(* limestones are used as precipitants or neutralizing agents 
in the first part of the wot process. 

The nickel is precipitated by soda ash as a basic carbonate of a similar nature to the 
cobalt precipitate. When the eoneentratioii ratio of magnesium sulphate to nickel 
sulphate becomes high enough, a ba.sie inagm'sium carbonate will be precipitated. 
Consequently, when the solutions carry considerable MgS()4 it is impracticable to 
precipitate all the nickel from solution, as increasing amounts of magnesium carbonate 
will be brought down with it. Mort^over, the solutions at this final stage in the 
process have become nearly saturated with respect to NaCl and Na2S04 at the usual 
solution teini)eraturps, so that further addition of Na2COa causes separation of 
Na2H04 and some NaCl. 

The precipitation of nickel by NazCOs will give good results until about 85 per cent 
of the nickel is precipitated. A small amount of bleach solution is then added, and 
thus a further 10 to 14 per cent of the nickel is precipitated. It will not always be 
economical to attempt to precipitate over 95 per cent of the total nickel in solution. 

The hydrated nickel oxide is black in color. It contains approximately 45 per 
cent nickel on a dry basis, and is usually contaminated with small amounts of Na 2 S 04 
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and NaCl. It is calcined to the green oxide (NiO) and shipped as such or reduced to 
metal. 


Reduction of Cobalt and Nickel Oxides to Metal. — The reduction is carried 
out in electric furnaces as a rule. A usual type is the three-phase, Heroult tilting 
furnace. The oxide is reduced by carbon furnished by charcoal and coke in the 
charge and partly by the electrodes. CaCOg is added to slag off sulphur. The 
metal is shotted and shipped in barrels. The carbon approximates 1.0 per cent; 
the sulphur 0.015 per cent. 

Xalmus has experimented on the preparation of metallic cobalt by the reduction 
of the oxide. He used as reducing agents carbon, hydrogen, cobalt and aluminum. 
His results are useful to those interested in the production of a pure cobalt metal car- 
bon- and sulphur-free.^ » 

Physical Properties of Metallic Cobalt— Metallic cobalt resembles nickel in 
general appearance. Cobalt has a slight bluish cast that nickel has not. Brinell 
hardness is 119.1, tensile strength varies from 63,500 to 34,410 lb. jier s(iuare 
inch according to its treatment in casting, annealing, and working. The pure 
metal can be readily machined, it is magnetic up to 1J0()°C. approximately. 
Its density is 8.79 to 8.93 and it molts at about 1444°(\''* 

Chemical Properties. — Cobalt is soluble in most dilute acids. It dissolves 
slowly in all but nitric, with which it reacts readily. It forms cobaltous and 
cobaltic salts. Cobaltous salts are but little hydrolyzed but the cobaltic salts ani 
decomposed by water, liberating readily one-third of the negativt^ radical. Com- 
plex cations and anions containing cobalt arc very numorf)Us and stable, especially 
cobalt amines. Most cobaltous compounds are red when hydrated or in dilute 
solution and blue when dehydrated or in concentrated acid solution. 


Alkaline carbonates precipitate a basic carbonate from cobaU solutions, soluble 
in concentrated solutions of the same carbonate. Potassium nitrite produces in solu- 
tions of cobalt salts in the presence of acetic acid a fircinpitatc' of yrllow potassium 
cobaltic nitrite. This reaction is frcqucaitly used in plant practice as a cxmfrol test 
to detect cobalt in the jiresencc of nick*‘l. 

The usual analytical nudhod of (‘stimating cobalt in ores and smelter prodm^ts is 
the electrolytic assay. CVibalt and nickel are plated out ol an alkaiitu solution, the 
deposit weighed, the nickel in the deposit obtained by the dini(*thylglyoxime nn‘l.hod 
and the cobalt obtained by differen<-e. 

Nitroso-j£?-naphthol is also used to detoi inine small amounts of eot)Mlt in the pres- 
ence of nickel. 

It may be of some iiitenist to know that (M)balt oxid(‘ is precipitated from an alka- 
line cobalt solution by grape sugar in a similar manner to the reduction of copper salts 
to C^uO by Fehlings reaction. 

Commercial Uses of the Metal —Cobalt oxide is used chiefly in the ceramic 
industries as a coloring agent. It is also used m the paint and color industries. 
Cobalt oxide is used in the enameling of sheet iron, as it aids the enamel to adhere 
to the sheet iron. 


Considerable cobalt metal is used in the production of “Stellite,” a high-speed 
tool steel. Stellite is a cobalt-chromium alloy. It does not lose its hardness even 
when the cutting edge is red hot, and therefore possesses considerable advantages over 

^ Canadian Dept, of Mines, Bull 259 , . , . l li • j 

* The above data and conaiderable other information on the physical prupertiim may be obtained 
from Kalmub and Harpbb, Canadian Dept of Mines, Bull. .iOii. 
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ordinary hif^h-speed tool steel. Electroplating with cobalt has been investigated by 
Kalmus.^ He found cobalt to plate much more efficiently from solution than nickel 
and the platings produced withstood the usual tests to which nickel plate is subjected.* 
The UHC of cobalt metal in magnetic steel is becoming more and more popular, and 
may m the future have a considerable bearing in the manufacture of lifting magnets 
and of magnetos. 

^ Canadian Dept of Mines, Hull 334 ^ 

^Alloys of cobalt an diatMisAed iit Rome leiiKtb by Druiy (Rtpt , Ontario Ihireau of Minos (1918) 
27 , Part 3. Hec 1). 



CHAPTER XXXIX 


NICKEL 

By a. J. Wadhams^ 


Ores and Deposits. — Nickel ores are of widespread occurrence throughout 
the world. They are found in almost every country of h]urope, in Africa, India, 
China, South America, Cuba, and in various localities in the United States. 
The most important deposits, however, occur in C'anada, New Caledonia, and 
Norway. Compared with the other t^vo, the Norwegian deposits are relatively 
small, but were important during the World War, when all their production weht 
to Germany at high prices. During the height of their prosperity, nearly 80,000 
metric tons of ore containing approximately 1.20 per cent nickel and 0,50 per cent 
copper were treated per year.* The ore is similar in character to the principal 
Canadian deposits, but is of lower grade. 


The existence of nickel ort‘ in New (Caledonia has been known since 1865, and the 
deposits have been worked since 1875. From the latter date until the end of 1615, 
about 2,245,354 metric tons of ore were exported.* Additional ore smelted on the' 
island produced 26,368 tons of matte, containing about 45 per cent nickel. It in 
estimated that the contents of the ore and matte amomitcd to 156,394 tons of metallic 
nickel. During recent years the tonnage produced has declined rapidly. In 1916 it 
was 35,614 metric tons ana in 1917, 32,017 tons.^ These figures include the ore 
smelted on the island. Previous to 1881 the ores produced conbiined from 10 to 12 
per cent nickel, but since that time the grade has been steadily falling off until now it is 
about 5 per cent. The New (Caledonia ores consist principally of noumeaite or 
garnierite, a hydrated nickel-magnesium silicate, to which the fonnula (NiMg)8iOj8.- 
H2O has been assigned. The ore, as mined, contains 20 per cent or more of hygro- 
scopic moisture, besides about 10 per cent combined water, and is dried lieiore 
shipping. The following analysis is representative of tlie (lomposition of the ore as 
shipped: Ni, 5.0 to 6.0; SiOii, 48.0; Fe, 14.0; MgO, 15.1; and combined lUO, 10 p<ir 
cent. A more complete analysis representing an average yf the 7 per cent ore after 
drying at 100°C. is as follows 


SiOa 

MgO. 

CaO 

AI2O3 . 

FezOa, 

NiO 

CoO 

Mn02 

H2O. 


42.0 
22. (K) 
0 10 
1 00 
15 00 
1 ) 00 
0 15 
0 70 
10 (W 
"9ir'95 


> Manager, Development and Rew-arch Department, the Internalional Nickel Co.. New York. N. Y. 

s “Mineral Industry,” p. 887, 1918. 

* RepoH Royal Ontario Nickel Commission. 

« '‘Mineral Industry, ’’ p. 862, 1918. 

• Report Royal Ontario Nickel Commission, p. 247. 
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Tho absence of copper and sulphur is particularly noteworthy. The Canadian ores 
contain both, and to this fact is due the different methods of smelting and refining 
used. There is no information available as to whether or not the New Caledonia ore 
contains any of the precious metals. In any event, none are recovered. 

The New Caledonia deposits of nickel are associated with a very basic rock which 
is now largely altered into serpentine. The nickel mineral is found in small veins in 
the serpentine and as concretions enclosing undecomposed rock masses. The gamier- 
ite is an alteration product, in which the nickel replaces the magnesia of the 
serpentine. When pure, the color is green, but the presence of iron causes a wide 
variation, passing through yellow and brown to almost black. The deposits 
are always found in the form of shallow beds on the slopes of spurs from the main 
mountain range of the island, and at elevations of from 400 to 2,500 ft. The beds are 
seldom more than 15 or 20 ft. thick by half a mile in length and are relatively narrow. 
There is often a heavy overburden of soil or cla^, which adds to the difficulty of work- 
ing, As a rule, the individual deposits do not exceed 100,000 tons, though one mine 
produced 600,000 metric tons. 

By far the most important deposits of nickel known at the present day are those of 
the Sudbury district, Ont., Canada. Nickel ores have been discovered at a number of 
points in Canada, but from two only, besides the deposits of the principal district, 
has there been any production. These are the Alexo mine on the Temiskaming & 
Northern Ontario Ky., near Matheson, Ont., which shipped ore for a number of years 
to the Mond Nickel Co.’s smelter at C’oniston, and the Cobalt silver district, where 
nickel, chiefly in the mineral mccolite, is found associated with the silver, and is 
recovered as a by-product at tlie various plants where the silver bullion is produced. 
The Alexo mine has not been in operation since 1921. 

The or(‘s are closely associated with a pre-Cambrian intrusion of noritemicro- 
pegmatite rock, which encloses an oval-shaped area of later sedimentary rocks. 
The long(T axis of the oval lies in a northeasterly, southwesterly direction and is about 
33 miles in length. Tho width is about 13 miles. The enclosing norite ring, which is 
acid in character towards the inner part and shades to a basic composition as it 
approaches the outer edge, has a varying width of from 2 to 4 miles. Most of the 
known deposits ^re found at the outer or basic edge of the norite, but some important 
ore bodies known as offset deposits have been worked at a distance of several miles 
from the basic edge. There are a number of theories regarding the origin of the ore. 
The view advanced by Dr. A. P. (’oleman, that the deposits were due to a magmatic 
segregation of the sulphides from the norite, was widely accepted at one time, but 
there have been many serious objections to it made by subsetjuent investigators, A 
more recent theory is that there has been an injection of sulphides at a period later 
than the intrusion of the norite, and it is also believed by many that the action of water 
has been an important factor in at least some, if not all, of the deposits. 

The ore consists mainly of magnetic iron pyrites, or pyrrhotite, alw^ays mixed with 
more or less rocky matter or gangue, but often remarkably free from it and then 
massive and close grained in appearance. Various formulas have been worked out for 
tho pyrrhotite, but, on the whole, it corresponds very closely to FegSg. Copper, in 
the form of chalcopyrite, (C’uFeS 2 ), is always present, frequently in sufficient quantity 
to be easily distinguishable by the eye. The nickel mineral, however, is so intimately 
associated with the pyrrhotite* that, in general, nothing short of a chemical analysis will 
establish its presence. By the use of a magnet on the finely ground ore from selected 
specimens free fnmi copper, and by the exercise of a good deal of patience, it is possible 
to separate the ore into a magnetic and a non-magnetic portion. The former will 
opnsist of barren pyrrhotite, while the latter will be the nickel-bearing mineral. 
Careful work of this kind has shown the nickel mineral to be pentlandite^ ((NiFe)uSio), 

i Dr. C. W. Diokson. 
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containing Ni 36.0 per cent, Fe 30.4 per cent, and S. 33.6 per cent. Another nickel 
mineral, polydimite (NiaFeS6), is met with in some of the mines in readily distinguish- 
able masses, but, although such occurrences are very rich in nickel, polydimite is of 
secondary economic importance. Of interest only mineralogically are such rainemls 
as millerite (NiS), niccolite (NiAs), and gcrsdorfttc (NiAsS) which are found occa- 
sionally. The following analyses will give an idea of the character of the ore from the 
various mines which are now operating, or have recently been in operation i 


Mine 

l*er cent 

(^i 

Ni 

Frood* 

1 .50 

1 68 

Creighton ^ 

1 1 56 

4 43 

Crean Hill^ 

i 2 61 

2 14 

Garson ^ 

1 (K) 

2 30 

Worthington ’ 

3 40 

3 (H) 

Levack* 

0 50 

2 80 

Victoria* 

3 40 

1 60 

Murray 2 

0 65 

1 85 

Whistle 2 

0 JO 

2 76 


1 Revort Royal Ontario Nukol CoiiiiuihMoii 
a CoLMAN, A P , “Nickol Industry ’’ 


With the exception of tlie hist two, the figuich jire Mvtiages over a number of 
years. 

All ores mined contain, in addition to the coppei and nickel values, small amounts 
of the platinum-group metals, as well as ;i little gold and silver. Thes(‘ metals are 
eoncentrated during the smelting opeialions and ;ii(‘ eolleetf'd in the matte which goes 
to the refining process. No reliable aiialvses are available of lh(‘ preeious-iindal con- 
tent of the ores, but the following analyses^ <»f two Niinjiles of eon\efter matte, 1 ton 
of which repieaents fiom 15 to 25 tons of ore, indicate that th(‘ amounts piesent in 
the ores are small 



Ounces pm trin 


! N(1 1 ' 

No 2 

Gold 

0 027 

0 256 

Silver 

1 840 

6 155 

Platinum 

0 1235 

0 688 

Palladium 

0 167 

0 684 

Iridium 

0 016 

0 065 


Though the amount of the precious metals m the ores is not largo, tlieir recovery 
from the matte brings an appreeuiblo quantity into the market. 

The gangue rock associated with the ore is, in general, of two kinds, acid and basic, 
with the latter predominating. The acid rock is mainly granite from the foot waH 
The norite forms the hanging wall and some is found mixed through the ore, as is ali^ 

1 Report Royal Ontano Nickel ConiiiiiBsion. 
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an ussoriatc'd greenstone. The following analysefc' are the averages of a number 
made on eac h kind of rockr 


Per cent 


Acid I Basic 


8102 

67 862 

52 770 

AI/Ib 

12 688 

18 943 

FeaOa 

1 740 

0 283 

FeO 

5 072 

9 140 

MgO 

1 164 

4 940 

CaO 

2 468 

7 617 

Na^O 

3 956 

2 597 

K,0 

2 780 

1 330 

H 2 O 

1 050 

1 263 

T 1 O 2 

0 466 

1 097 

P 2 O, 

0 178 

1 300 

MnO 

0 0^6 



99 452 

99 760 

Spedfn grivit> 

2 71S 

2 897 


The oie as shipped fiom tlu mim seldom font iins ksb than 30 per cent rock, and 
may have 50 per ( eiit oi more 

From the time of the discovery of the Sudbury ileposits to the end of 1916, theie 
was smelted i total of 10,322,515 tons of oic, ’s\hith prodmed 2S4,S3S tons of nickel 
and 175,003 tons ot copper, shoeing an aveiage lecovery ot 1 695 per cent copper and 
2 759 per tint nitkd The following table gi\es the production and metallic con- 
tents of the ore mined and siru Ited dm mg the past six yeais 



Tons 

Ore 

mined 

Ore 

smelted 

(\)pppr in 
bessemei 
matte 

Nukel 111 
bessemei 
matte 

Bessemer 

matte 

1917» 

1,518,783 

1,453,661 

21,196 

41,887 


19181 

1 611,617 

1,559,892 

21,482 

45,886 


19191 

572,400 

7ril,567 

12,099 

22,035 


19201 

1,135,792 

1,086,159 

16, (KK) 

30,557 


19211 

257,154 

393,768 

6,321 

9,628 


1922® 

259,569 

314,120 

5,421 

8,677 



^ Thp Mimral Production of C uuada 192] 

* Doni Bureau Statistics Dept Mines, Ottawa 


The figures show clearly the effect of the close of the war on production. In the 
past, the mckel went largely into armaments, but the diversified uses which are now 
being found for it are again rapidly buildmg up the industry. 

1 CoLzif AM, A P ‘ The Nickel Industry '* 
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MINING METHODS 

New Caledonia Ores. — Owing to the great difTerence in the nature of the 
deposits which form the two principal souices of the metal, the methods of mining 
are widely different. T. P Sutherland, Chief Inspector of Mines for Ontario, 
describes the mining practice m New-Caledonia as follo^\s 


Where surface indications of ore are found, prospecting pits are dug into the 
hillside, and, if a good grade of ore is discovered, without too great an overburden, a 
senes of pits are dug across the slope to define the extent of the ore occurrence. 

If the overburden is over 9 ft in thickness and the grade of ore below 5 per cent of 
nickel, the prospett is not coiihidcred fa\oiably If the pielmiinarv ^^ork shows an 
ore occurrence of sufficient tonnage and giade to be prohtablv vvorked, 25*ft contour 
lines are run along the hillside These lines arc graded out and are called levels 
Tracks are laid and mining commences The o\crburden for ii few foot back 
H removed, loaded into cars and trammed to the dump The ore is then picked or 
barred down and eaicfull> sorted "Ihe shell of ore around the bouldeis or bloeka of 
serpentine is picked off, the w.iste t jammed to the dump, and the ore caxcfully 
gathered into piles and sampled This pnieedurc ib icpeated until the face 
becomes too low grade to pa\ Occasionallv, it is necessaiv to drill and blast the 
h irder portions of the seipentme, and f«i this work hand steel is used Large blocks 
of low-grade oie or waste are worked around and left htanding on the bench. The ore 
IB gathered from th^ different levels into i central loading station and transiMirted 
from the mine to the foot of the mountains l)> lenal tram 

One notic*eablc fc'ature of the nickel mining in New (^d(H^oma is the extreme caie 
used in sorting and sampling tJie ore After the oveibuiden is icmiovc^d, tlie floorof 
the quarry is swept clean befoie the oje is puked oi barred down Then any large 
pieces of ore are broken by haiumois to a ‘2-iii ring and c aic^fully horied by hand In 
some CJUjes, the fines aie scieenc d 1 he shell of ore on the boulders of undc^composed 
seipentme is chipped off as eompletcdy as possible w ith sharp pic ks, the waste is 
trammed to the dump, and the oic swept up md gathered into 10-ton lots whic’h are 
( arefullv sampled The usult of t he ass is markc d on each lot In this way ore of 
i certain grade c an be shippcal 1 he nee ess,t^ foi this (‘xtrenu care i« duc‘ to the fact 
that the ore is not undorm m grade , th it it is impossible* to judge e losely tin* giade of 
the ore by appearance, md lint m the past it Ji is not l>een considered eeonomieal to 
smelt ore of a lowe, gi ide th m 4 5 pot e e nt not to ship ore of a nnu h lower ^rade thiui 
G 5 per cent. The n erage content m nicked ol the ore shipped m the three years 1913 
1914, 1915 was l,e tween 6 0 and 6 25 per cent, some shipments being above and 
others below this percentage 


Smai fin g of Ncw Caledonia Ores— The roeovery of the iiidcel front the New 
(’aledonia o.es, which conta.n no eopix-r, .ulphur, o. other element win. h might 
lie expected to add to the difficulty of treatment, would, at fust glance, appear to 
he mute a simple matter The method of t.eatment ongma ly piopctsed wa^ to 
mix the ore with limestone to flux the silimm. ganguc, and smelt tne mixture 
with sufficient coke to reduce the nickel and f u, tush Uie nec ossary heat to produce 
liquid slag The removal of the gangue as a molten ^lag could be accomplished 
richly ciugh, but the reduced metal oi “fontc, ’ containing ab.iut 05 per cent 
nSkel along with considerable iron, p.oved difficult to deal with ‘-ou M "0 
be bessemenzed directly while still liquid, not could it easily be broken up for 
further treatment after it had solidified Moreover, as the coke used a,lwa^ 
contained a certain amount of sulphur, and as this was taken up with avidity by 
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the reduced nickel, it precluded the use of the ''fonte” directly as ferronickel. 
The absence of the sulphur in the original ore proved to be only an apparent, and 
not a real, advantage. When these facts came to be recognized, the method now 
in use was adopted. 

The present treatment is based on the production of a matte by adding suitable 
fluxes and sulphur-bearing material of some kind. Gypsum is the usual source of the 
sulphur, but alkali waste, chiefly calcium sulphide, or even pyrite, may be used. It 
is customary to briciuette the ores with the necessary fluxes and any flue dust that is 
recovered. The briquettes, ^ after air drying, are smelted with 33 per cent coke in 
water-jacketed furnaces, producing a matte containing between 30 and 45 per cent 
nickel, and a slag assaying 0.30 to 0.40 per cent nickel. The furnaces originally used 
had a capacity of only about 20 tons per day, but the larger ones now operated have a 
capacity of 100 to 120 tons per 24 hr. The following analyses give the composition of 
the furnace charge and the resultant slag ^ 


Per cent 



SiO, 

AUO, 

FeO 

Fe^Oa 

MgO 

CaO 

SO3 

IhO 

Ore 

41 .50 



9 19 

20 22 



8 11 

Briquettes . 

37 10 

3 5 


11 15 

18 20 

3 5 

5.7 

10 12 

Slag 

45 50 

8 12 

10 12 


17 22 

9 14 




The matte produced in the smelting operation is besseinerized in small converters, 
a siliceous flux being added to slag off the iron oxide formed. The product from the 
converters contains approximately 80 per cent nickel and 20 per cent sulphur, with the 
iron usually not over 0.25 per cent. It is next ground in ball mills to pass through 60 
mesh and then roasted till free from sulphur, giving practically pure nickel oxide, which 
may then be reduced to metal by means of carbon or other reducing agent. The 
nickel oxide and the reducing agent arc ground together and briquetted into either 
“rondelles,” circular discs about 2 in. in diameter, and P-j in. thick, or ‘^^-in. cubes, 
to meet the requirements of the marki»t. The reduction is carried out by heating in 
liorizontal retorts to bright redness for about 48 hr. The rondelles or cubes, when 
ready for the market, <;ontain about 99.25 per cent nickel. 

Canadian Ores — Creighton Mine. — The ore body is oval to narrow lenticular 
in shape, and is not sharply defined against the country rocks. The greatest 
extension, 2500 ft., so far developied is along the dip, which is about 45°. The 
level length varies from 1,000 to f<00 ft., and the horizontal width reaches a maxi- 
mum of 375 ft., with an average of over 100 ft. 

The outline of the ore body was roughly determined by diamond drilling and 
divided transversely into alternate stopcs and rib pillars extending from the footwall 
to the hanging wall, 60 ft. wide and 15 ft. wide, respectively. 

The ore is cnished in the mine in 30- by 42-in. jaw ciiishers set at 6 in. and falls 
from the crushers into ore pockets, from which it is loaded into skipshaving a capac- 
ity of 9 tons, and hoisted to the rock house. 

1 Gowland, "Non-ferrous Metallurgy ” 

* Report Royal Ontario Nickel Commission. 
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In the wk houM the ore is sized by three sets of trommels, the firet set having 
screens with 6-in., the second and the thinl round holes. The oversise 

from these screens is coarse ore. The oversize from the first two sets of screens is 
hand sorted on sorting belts and the waste discarded. The sorted ore from the first 
trommel is recnished to about 6 in. diameter in 48- by 15-in. crushers. The under- 
size from the third sot is fines and falls directly into the fines bin. The waste sorted 
out amounts to about 15 per cent, and the fines to about 32 per cent of tlie total hoist. 

Murray Mine — British-American Nickel Corporation.— The ore body is 
narrow lenticular in shape and extends to a depth of at least 2,()00 ft., measured 
along the dip, which averages 3t) deg. The level length averages about 1,200 ft., 
and the ore body is from 50 to 60 ft. in thickness measured at right angles to the 
strike and dip. 

A modified room-and-pillar method of mining is used, with rooms 20 ft. wide and 
pillars 16 ft. wide, liaises 20 ft. high and 10 ft. wide, spiiced on 3.5-ft. centers, are 
driven from level to level jilong the footwall contact. From each of the footwall rnisos 
between any two levels, three raises ineliiied 40 d(‘g. are driven to the hanging wall. 
The first of these begm‘< at the top of the box hole and is used as a blasting chamber * 
when drawing ore and as a drilling place whim taking out the inelmod pillar which is 
left to protect tli(‘ haulage drifts. 

The distance from the center of the first raise to the center of the second is 25 ft., 
and from the si'cond to the tliiid raise is 50 ft. The ore between the upper two 
raises is stoped bv machines set u]) m the raises. In the rock house it is cnished, 
screened, and aliout 10 per cent of waste is .sorted out. 

The Garson Mine — Mond Nickel Co.- Tlio ore Ixidy is lenticular in sha{X‘ 
and forms, roiiglily, an are of a circle. The gn'atest length is about 1,000 ft. 
and the greatest w'idth a liftli* more than 1(K) ft. Tb(‘ dip is about 60 deg. and 
the proved depth is 1,(S00 ft. measured along the dip 

The ore body has been dc'velofxnl hy means of drifts and seidiion cutting until 
it is outlined on that level Afterwards the workable portion, as show^i by the 
as.sav plan, is mined, the poorer portions being left for pillars, if any are ^■oiisidered 
necessary. 

Mill lioles are cut in (he solid and a portion of the back lefi over tliem for pro- 
tection. Shoveling platforms ar(‘ used tor loading into the tram cars. 

The slopes are filled with rock as the ore is removed. In the rock iiousc* the ore 
is crushed and sorted, about 25 jier cent waste being discarded. 

Levack Mine Mond Nickel Co. 'fhe oie body is lenticular and has a length 
of 500 ft. or more, and a maximum width, measured horizontally, of 150 ft. It 
extends to a d(‘pth of at least d,0(K) ft., measured along the dip. The shaft, iuelined 
65 deg., is in a fold in the footwall, w^hieb extends well into the; ore Ixidy. The 
levels are at 100-ft. vertical intervals. 

Stoping is done by shrinkage sloping methods, keeping the bark of the slope at 
such an angle that only wet holes are drilled. Both (-liiites and shoveling platforms 
are u.sed. 

In the rock house coarse waste is sort(‘d out as the ore is conveyed from the storage 
bins to the crusher. After the ore is criKshed, it is screened, and waste is sorted from 
the oversize from the screens. A total of about 33 per cent waste is sorted out. 

Smelting Methods -Canadian Ores.— There are at present two operating 
companies treating ores from the Sudbury nickel field. They are the Inter- 
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national Nickel Co. of Canada, Ltd., and the Mond Nickel Co., Ltd. The smel- 
ters arc located, respectively, at Copper Cliff and Coniston, both in the Sudbury 
district. In general, the treatment at the smelters, as distinguished from the 
refineries of the two companies, is identical in principle. Each company smelts 
its ore to a low-grade matte, which is then blown in basic converters for the 
removal of iron, producing a socallcd converter or “besserner” matte, Which is 
shippr*d for subseciuent treatment to the refineries situated, respectively, at Port 
(’olborne, Ont.; and Clydoch, Wales. The converter matte usually contains a 
small amount of siliceous matter, which, however, is not likely to exceed 0.10 or 
0.20 per cent. It is customary to report any cobalt present as part of the nickel 
percentage. When determined separately, it does not usually exceed 0.30 or 0.40 
per cent 


Any precious metals originally in the ore will, of course, be found concentrated in 
t he matte. The following ar(‘ characteristic analyses of the matte sent to the refineries : 



Per cent 

Cu 

25 04 

24 00 

30 20 

3!) in 

29 50 

Ni 

56 58 

55 17 

(me 

kol plus CO 

bnit) 

Co 

0 57 

0 36 

52 20 

46 2.5 

53 80 

Fe 

0 11 

0 IS 

0 16 

0 21 

0 19 

S 

17 93 

19 SO 

17 00 

14 2.5 

16 35 


99 26 

99 90 

99 56 

99 SI 

09 84 


Although, as slated before, thi‘ method of pniduciiig converter matte does not dif- 
fer in principle at tlie two smelters, there is considerable variation in the details of 
operations Jioth use water- jacketed blast furnaces and Peircc-Smith basic con- 
verters, though the designs and the si/es in each case difTcr widely. In addition, 
the IntiTiiational Nickel Co still practices heap lo.istnig ior jiart of the coarse oie, and 
uses Wedge mechanical roasters and a reverberatory luriiace for tieatmg the fine ore 
At C\)niston the Mond Nickel Co. has abandoned the heap roasting that was once 
practiced theie and sinters the line ore and flue dust, as well as some flotation con- 
centrates obtained from a portion of the ore, on l>w ight-Lloy d sintenng machines. 
The coarse green ore and the product fnnn the smteimg machines aie smelted together 
m the blast furnaces Some of these vaiiations m the methods of treatment are to 
be attributed to difference m the character of the ores, while others are due to differ- 
ence of opinion or to the ineitia of established piactice Modifications m practice, 
however, arc coiistantiv being made The International Nickel Co is now (1923) 
experimenting with the sintering of the calcines from the Wedge roasters The 
Mond Nickel C"o. is doubling the capacity of its sintering plant and is putting m 
converters of a larger size. 

The International Nickel Co.^ — The ore, before being delivered to the smelter, 
IS crushed at the mine to a maximum of 6 in , and then screened through trommels 
having circular openings ?4 in. in diameter. The portion passing through the 

1 The information regarding this company i» obtained largely from the Report of the Royal Ontario 
Niokol ComniiKaioii and from a paper read at the March, 1920, meeting of the Canadian Inatitute of 
Mining and Metallurgy, on the "Mining and Smelting Operations of the International Nickel Co. of 
Canada, Ltd 
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screens is known as “fines/* in which the maximum«sized pieces are about H 
in greatest dimension, with the bulk of it much smaller. The oversize is called 
‘'coarse** ore. All production at the present is from the Creighton mine. Many 
attempts have been made to smelt this ore pyritically, but so tar without Huccen^y 
and it is still necessary to roast a large pait of it m order to obtain the grade of 
matte desired. 


Bessemer Ma tte 



Roast Yard.— The roast yard is located about 4 miles from the mine and 11 
miles from the smelter, in a tiact of country where the fumes ean do little damaRo 
The ore is shipped from the mine in standard-gage, bottoin-dii'charge, 50-ton 
steel cars, and when received at the roast yard is dropjied into sunken pockets 
below the tracks, from which it is meehanioally elevated into specially designed 
100-ton steel cars, which can lie completely discharged through a senes of thirteen 
gates along one side. The 100-ton cars are now taken to the roast yard proper 
and spotted at the ore bridge, which is used to build the lieds of ore to be roasted. 
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The standard bed is 100 ft, long by 60 ft. wide, and contains between 4,000 and 
5,000 tons. Before the building of the bed is started, about 100 cords of ordinary 
4-ft. wood are laid on the ground to a depth of 3 ft. over the full area to be occupied 
by the bed. By the operation of the ore bridge, coarse ore is now dropped onto the 
wood until a symmetrical pile of a proper size having the form of a truncated pyramid 
is built. A covering of fine ore about 1 ft. thick is now spread as uniformly as pos- 
sible over the whole surface of the pih*. This serves to limit the draft and to prevent 
the roasting proce‘ediiig too rapidly. The wood is now lighted* and the bed is carefully 
watched for about a week. Any cracks that develop in the covering of fines must be 
immediately closed. When all danger from this source is past, the bed is left largely 
to itself. The roasting may continue for 8 or 10 months, depending mainly on the 
size of the bed, by which time the sulphur will be reduced to 10 per cent, or somewhat 
lower- The roasted ore is reclaimed from the beds b}^ a steam shovel having a dipper 
capacity of cu. yd. * 

Blast Furnaces. — The roasted ore is the principal ingredient in the charge to 
the blast furnaces, but some green ore is always smelted with it, ass well as a cer- 
tain amount of revert. For the grade of matte usually made this mixture is practi- 
cally self-fluxing. 7'he coke required is about 10 5 per cent of the weight of the 
charge. The following table gives in condensed form the composition of an 
average blast-furnace charge and the jiroducts of the smelting: 



Tons 

Per cent 

('ll, Ni! 

1 

Vv 

s 

Sl()2 j 

AbO, 

CaO 

MgO 

Roast ore 

5 35 

5 50 

U) 00 

10 0 

17 50 

4 50 

2 25 

2 50 

(irecn ore 

1 85 

r. 70 

43 50 

25 0 

16 00 

5 25 

2 50 

3 00 

Revert . . . 

0 80 

5 00 

12 00 

3 5 

20 00 

2 75 

1 25 

1 50 

(Joke 

0 S4 








Furnace matte ^ 

2 15 

23 00 

45 50 

20 50 





Furnace slag 

6 50 

0 IS 

11 00 

2 20 

31 00 

7 50 

3 50 

2 50 

Flue dust 

0 21 

5 25 

35 00 

0 00 

20 00 

4 50 

2 40 

2 70 


One of the larger furnaces now in use smelts about 550 tons ol chaige pci 21 hr. 
In addition, approximately 100 tons of converter slag aic ])ouied into tin* settler, where 
it parts with most of its entrained sulphides. Tlie slag bom the settlers flows con- 
tinuously into one-piece steel pots of 225-cu ft capacity. The pots are mounted m 
standard-gage trucks and arc taken in trains of eight or ten to the dump, where the 
still molten slag is poured out. Fleet ric motors turn the jiots down for pouring. 

Matte IS tapped intermittently as leipiired by the converters, and taken to the 
converter department in sectional cast-iron pots holding about 8 tons. The flue dust 
that 18 recovered is sent to the reverberatory plant tt> be smelted. 

Blast furnaccH of two sizes arc in use, the smaller being 17 and the larger 25^^2 ft. 
long. Both are 50 in. wide at the tuyeres. The cast-iron hearth plates are sup- 
ported on 12-m. I-beams. Inhere are four rows of jackets on the sides of the furnaces, 
the lower two being of cast iron with water pipes embedded, and the upper two of 
steel with 4V2-in. water space. At the dead end of the furnace the lowest jacket is 
of cast iron, w^hile above it are three steel water jackets. At the front end the low- 
est jacket is of copper, with a water space similar to the steel jackets. With the brick 
spout, this copper jacket forms the trap of the furnace. Above the copper jacket, 
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are throe steel jacket® similar to those at the dead end. The crucible of the fumaco 
IS built of chrome bnekb, as is also the spout to the settler. 

The settlers have the shape of a distorted oval with a dimension on the longer 
axis of about 20 ft. They aie 5 ft 6 m deep and are lined with chrome brick. 

The blast is supplied by Connorsvillt blowers at a pressure in the bustle pipe of 
25 oz, h^om 1,2(X) to 1,300 cu ft of an per minute is used for Otich linear foot of 
furnace. TJie tuyeres are 6 m. m diimcter, spaced about 1-ft centers 

Reverberatory Plant. — At the leveibeiatoiy plant, most of the fine ore 
from the mines is fuithor ledueod in ball nulls until all but about 25 pei cent will 
pass through a 20-mcsh screen. Part of the oie recei\ ed is snudb^d green without 
aiiv further ( i ushing The crushed ore is roasted in se\ en-hearth Wedge funaces, 
22 ft 6 in in diametei, where the sulidiui is lodined from about 25 per cent to 
between 1 0 and 1 1 per cent The hot ( alcines ar(» t deen directl y to the reverbera- 
tory fuinace and smelted with green oio and flue dust, the whole, with the liquid 
slag that IS also poured in, forming a self-fluxmg mixtme The furnace is 112 ft 
long by 10 ft wide, and is fiud with pulverized (oal The weights and arjalyses 
of the mateiial charged and of the resulting jiroducts aie gnen m the following 
table 




Pc r ( eni 


Pons 

( n, 
Ni 

le 

s 

Sl()2 

W Oi: 

CaO 

MgO 

Calcine (hiigod 

170 

t) 50 

U 50 

10 50 

17 fK) 

5 00 ! 

2 50 

2 75 

(ireen ore c li ugc^d 

SO 

5 00 

12 75 

25 80 

15 30 

4 50 

2 25 

2 50 

Flue* dust charged 

T*) 

5 20 

H 50 

9 (M) 

20 50 

t 50 

2 50 

2 m 

Total solid (hirged 






1 



Coiivertei slig (liquid) 

75 

1 ^>0 

i'i so 

2 50 

2S 00 

3 tK) j 

I 25 

1 50 

Total (hirgc 

GOO 





1 



Coal biinud 

72 








Revel beiatoiy matte jirodiucd 

200 

1(> w 

'll (K) 

27 00 





Reyerb(‘rat/or> si ig prodiucd 

>S0 

0 17 

12 W 

1 75 

12 00 

0 00 

3 (X) 

2 00 


The slag and matte au handled m tin sum way as at the blast furnaces. 

Converters. The coineitirs are ol tin Pen (t -Smith basu -lined type, 37 ft 
long by 10 ft diameter, and bold a (harg( of approximately l(X) tons. The matte 
from both the blast furnaces and the n v( rbeiatory is charged into the convcTter, 
and air from a tuiboblowci, at 12-(b pic^ssuic*, is hlpwn in Siliceous flux, which 
may be eithci sand, mine lock or quart/, is added to combine with the iron oxide 
formed and to produce a Injuid slag that can casdy b(‘ skimmed cjfi After the* 
slag has been taken off, more matte is added and the process repeated until prac- 
tically all the iron is remo\ed and the conveiter is full of a high-grade matte, 
which IS the finished product, as far as the smelter i« concerned It contains 
about 79 5 per cent Cu plus Ni, 20 per cent S, and 0 30 per c*ent Fe. The finished 
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matte is poured into molds and, when cold, is broken with sledges to a siase con- 
venient for handling and shipped to the refinery in box cars. 

To bring the convertor to the point where it is full of finished matte requires 50 to 
60 hrs., depending on the grade of the matte charged. During that time there will 
have been charged some 450 tons of combined furnace and reverberatory matte, 
160 tons of flux, and perhaps 1 5 or 20 tons of scrap. The slag skimmed off will amount 
to about 400 tons, most of which is poured while liquid into the blast-furnace settlers 
and tlie reverberatory. The balance, after solidifying, is smelt?d in the blast furnaces. 

Mond Nickel Co. — The Mond Nickel Co's, practice differs from that of the 
International Nickel Co. mainly in that no heap roasting is done, and the fine 
materialh are sintered instead of })eing treated in a reverberatory furnace. A 
small experimental oil-flotation concentrating plant is also operated. A some- 
what lower-grade furnace matte is producedtand the converter matte is 2 or 3 
per cent higher. The (Hiuipment also varies somewhat in design, but the treat- 
ment throughout is identical in principle. 

The concentrating idiint is treating a portion of the ore mined that is not con- 
sidered suitable for direct smelting. Its capacitj" has recently been increased, and 
it is now capable of handling about 150 tons of oic per day. The ore tn'ated contains 
about 2 50 per cent Cu and Ni. It is crushed in rolls to 4.5 mesh and is then sent 
without scre(*ning or classifying over a Wilflcv table, which gives a finished concen- 
trate. The tails from the Wilfley are grrnind in a ball mill to 100 mesh and the pulp 
is treated in flotation machines of the Miiieials Hejiaration Co. design, producing an 
additional concciitiate and a tails going to waste. 

The sintering plant contains four standard 42- by 264-in. Dwight-Lloyd machines, 
each having a capacity of about 100 tons of sinter per day. The charge to the 
machines is a mixture of mine fines, concentrai es, and flue dust from the smelting 
operations. The average sulphur in the charge is about 17 per cent, which, in the 
discharged sinter, is redii(‘ed to 7 per cent. The sinter drops into special steel cars 
in which it is wetted and allowed to cool before being taken to the blast-furnace 
department. 

There are thrcA^ blast furnaces, each .*>0 by 240 in., wuth a capacity of 420 tons of 
ore per 24 lir. “Each furnace* is carried on stnictural steel columns, the jackets 
being Imng from I-beams. The crucible lests on three rows of nine supporting 
columns each 5 ft. in height. It consists of a rectangular steel frame about 6 ft. in 
width, 21 ft. 9 in. in length, and 25 in. in depth, made of I-beams; the sole plate is of 
cast iron in four sections. This cnicible box is lined with chrome brick around the 
sides, ends, and bottom, reducing tlu^ internal wudth to 4 ft. 2 in. Above the crucible 
there is a single tier of water jackets, eight on each side, each 8 ft. 2 in. in height. The 
width of the furnace is 4 ft. 2 in. at the tuy^n's; at the top of the water jackets it is 
5 ft. 9 in. The settlers arc about 15 ft. in diameter. They are placed beside the 
furnaces and discharge matte and slag from opposite sides. 

A typical charge to the blast furnaces would be made up about as follows: 



Pounds 

Green ore 

. 12,500 

Winter 

4,500 

S(»rap 

2,500 

I'otal 

19.500 

Coke 

2,000 


I WiLHON, A W G , ‘‘Coppor-Bm<*lting Industnes of Canada ” 
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Limestone is used occasionElly. The blast supplied by Cotmersville blowers h 
about 25,000 cu. ft. per minute, per furnace, at 32-oa. pressure. The resultant matte 
(‘ontams about 15 per cent Cu and Ni, and goes direct to the basic converters. The 
slag is disposed of in exactly the same manner as at Chopper (^hif. The foUoiving 
table, showmg the analyses of the \arious ores smelled and of the matte and slag 
produced, is condensed from the Report of the Ontario Nickel Commission, which 
was published in 1917 



Ptr edit 

ru 1 

Ni 

D 

B 

SiO 

Al;<)j 

CaO 

Mgt) 

^ Insoluble 

1 evack 

0 J 


15 0 

23 7 

13 j 

4 S 

2 2 

1 

21 2 

Oarson 

1 *) 

2 3 • 

29 1 

17 2 

20 a 

9 0 

3 4 

4 2 

35 7 

Worthington 

A 4 

3 0 

20 0 

17 0 

29 0 

b 0 

3 S 

7 0 

45 0 

Victoria 

3 1 

1 <1 

40 2 

22 0 

17 0 

5 J 

2 3 

1 5 

23 3 

binter 

2 7 

2 H 

30 T) 

h 9 

30 0 

7 0 

4 4 

5 7 

46 0 

Limestone 





2 5 

0 2 

52 9 

0 7 

2 0 

Blast-furnace matti 

9 0 

n 0 

4S 0 

25 0 






Blast-furnace slag 

0 17 

0 22 

20 (> 

0 9 

31 7 

10 1 

13 7 

5 3 


Bessemer matte 

41 0 

11 0 

0 0 

17 0 






Converter blag 

i 0 7 

1 i 

45 4 

1 1 

32 1 

2 1 

1 0 

1 1 



At the piesent time, the aniihses iinv differ somewhat, but, m geneial, those in 
the table may bo accepted as lopiosentative 

The converter department is equipped with three Pcirce-Mnith basjc-lined con- 
verters, each 25 ft long by 10 ft diainctci. They luo charged with blast-furnace 
matte and opeiated in the svme manner as already desdibid. The flux consists 
largely of siliceous ore from the mine, especially segregated for the purpose. Blast 
IS supplied at lO-lb pressure, . nd the volume varies between 5,0(K) and 7,000 cu. ft. 
pel minute. The finished matte tontams ibout 82 per cent C'u and Nn Aftei being 
cast into molds, it is ciushed through a law (rusher to a maximum size of about 1 in. 
and packed m barrels holding 1 ,200 lb. foi shipment to Wales. ^ 

British-American Nickel Corporation.— The plant of this company was under 
construction during the later years of the wai, and had been in operation only a 
short time when it was loiccd to close down, owing to the post-wai slump in the 
metal market. After over two yeais idleness, ojierations were resumi*d m June, 
1923, In 1924 the property was lutuidated at receiver’s sale The following 
deseiiption of the smelter equi])m(»nt and piai tice was published by W. A Carlyle, 
then managing directoi of the company, in the Canodittu MminQ Journolj Mar. 
18, 1921: 


“In the smeller building are two blast furnaces 50 by 360 in. at the tuyeres. On 
a strongly constructed erm ibic 24 m high stands the single row of stc^l water jackets, 
14 ft. long, 30 in wide, inner plate , outer H 14 , with a water space of 5 in. 
There are two 4 > 2 -iu tuyeres m eac h jacket, or tw enty-four on each side of the funia(*e, 
which IS tapped at either end, using a water-cooled cast-inm spout for discharging 
into the settler 20 by 30 by 5 ft , lined with chrome and magnesite bricks. In the 
converter aisle are two 60-ft span, 40-ton electric traveling cranes, serving the three 
Peirce-Smith basic-lmed converters 13 by 30 ft each, with forty-four iV^-in. tuyfcres, 
clectncally rotated. Steel ladles holding 20 tons of matte or 12 tons of converter 
slag are used. 
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“This practice has many features different from that followed by the other 
smelters in the Sudbury district. The ore, averaging 25 per cent Si02, 36 per cent Fe, 
3.7 per cent CaO, 4.3 per cent MgO, 6 percent AbOj, and 19 per cent S, is smelted with- 
out any preliminary roasting, and the only flux used is converter slag, containing 16 per 
cent Sj() 2, 52 per cent Fe, 3.5 per cent CaO and 3.5 per cent AI2O3, the charge con- 
sisting of 70 to 75 per cent ore, the balance flux with 10.5 per cent coke on the charge. 
The resulting slags contain 35.5 per cent Ri02, 30 per cent Fe, 5.5 per cent CaO, 
13 per cent AljOs, and 0.24 to 0.34 per cent Ni plus Cu plus Co. 

“The low-grade matte from this furnace, containing 11 to 13 per cent Ni plus Cu, 
is poured into th(» converters, and blown up to the usual matte, containing 80 to 82 
per cent Cu, Ni, and a trace of Fe, which is transferred to an oil-fired furnace, and in 
running from thence through a strong stream of water is successfully granulated, 
then wheeled into box cars and shipped to the refinery. 

“In the converter method, the flux mainly used is ore fines with some siliceous 
gravel or sand. One aim is to keep the silica in the converter slag as low as possible, 
often averaging for dnys under 13 pei cent. This slag is poured in part into large 
20-ton cars, poured outside the building onto shallow beds lined with ore fines, broken 
and lifted by locomotivt* cranes using clam-shell buckets and sent to the smelter bins. 
Part of the slag is poured into the settlers.” 

The cajiacitv of the furnaces is shown by the following figures, which were pub- 
lished in Ihe Engiri(fnng amt Mining Journal, Aug 13, 1921. The amounts given 
are the tonnages smelted ])er 24 hr., in one 30-ft. furnace, over a period of a week: 



Tons ore 

Tons flux 

Tons coke 

First day 

811 20 

327 60 

119 00 

Second day 

811 20 

326 60 

116 60 

Third day 

761 90 

293 60 

107 30 

Fourth day 

712 S5 

269 00 

99 85 

Fifth day. 

713 GO 

.•{06 70 

116 70 

Sixth day 

896 40 

am 40 

125 40 

Seventh day 

899 10 

316 35 

127 45 

Total 

5,609 25 

2,156 25 

812 30 

Average jier day 

801 32 

308 03 

116 04 


The large amount of converter slag produced by bessemerizing a matte of such 
low grade as 10 or 12 per cent has proved troublesome to cope with, and it seems 
probable tliat it will be found advisable to roast a certain portion of the ore in order 
to raise the grade of the funiace matte. 

The method of smelting the Norwegian ores is closely similar to that practiced 
in the Sudbury district, but is on a much smaller scale. 

Matte Refilling. — There are two principal methods used commercially today 
for the refining of the copper-nickel matte resulting from smelting operations in 
Canadian (Sudbury) ores — that used by the International Nickel Co. (sometimes 
called the Orford process, from the name of this company's former Orford works) ; 
and the Mond process. The refining of nickel-iron matte from New Caledonia 
ores has already been described above. 





mCKEL 


1303 


The International Nickel Co. Process. — ^This process- is based upon the fact 
that, in a molten system containing nickel sulphide, copper sulphide, and sodium 
sulphide, in general, two liquid layers are formed, the upper carrying the bulk of 
the sodium and copper sulphides and the lower the bulk of the nickel sulphide. 
A separation is made of these two layers. 



Vm. 2. Mond-iJroo«*.SH flow Hheoi. 


The bessemor matte, containiriR approxmmtely 54 pei '’P"* per cent (.u, 

20 per cent S, and 0.30 per <« nt Vc, is shipp.Hl from (Copper Chff to lort (^Iborne, 
Ont., the location of the company's new refinery. I'his, one of 
constructed nickel refineries in the world, was blown in at the end of 1918 As it has 
been thoroughly described in the technical press, no details will 
The bessLcr matte is charged into a standard water-jack^ 
coke and revert top soda flux from a subsequent operation. Fhe 
sodium sulphide or sodium suliihate, the latter being re uce y le e 
to the fornfer. On solidification of this first sme ting 

effecting the ^-ding Ime betw^ rP ^inverters, where it is blown 

TK “■»'*“» 

is m^kod by a "I®*® ^"kel goes to a second smelting with soda flux. 
FrorJh^eSSd SeSg ?he top goes’back to the first smelting of bessemer matte. 
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This second bottom — ^nickel sulphide — shows the following analysis: Ni, 70 per cent; 
Cu, 0.90 per cent; Fe, 0.25 per cent. From a ball mill the nickel sulphide goes to 
leaching tanks, where the mechanically contained soda is washed out with water 
and the iron with dilute sulphuric acid. The nickel sulphide is then given one chJo- 
ridizing roast and leached to remove the copper, and a second roast with soda ash to 
remove all fractional remaining impurities. The resulting black oxide of nickel, of 
the following analysis — Ni, 77.60; Cu, 0.10; Fe, 0.25; 8i, 0.10: and S, 0.015 per cent — 
is ready for the market or reduction to metal in the open-hearth furnace. It is tapped 
from the furnace into pig nickel, nickel shot, and nickel anodes (for analyses see 
Table 1, p. 1309; for flow sheet see p. 1297. 

The nickel anodes go to the electrolytic refinery. Tank sludge from this process 
is treated for the recovery of precious metals of the platinum group. 

The Mond Process.^ — Bessemer matte assaying approximately 40 per cent 
Ni, 40 per cent Cu, and 15 to 17 per cent S, and small amounts of iron, is produced 
at the company's smelter, at Coniston, Ont., crushed to IJ^-in. size and shipped 
in barrels to the refinery at Clydach, South Wales. 

The crushed mnito is ground in ball mills to pass a 60-mcsh screen, and roasted to 
oxides in long mechanical calcining furnaces. This oxide is then leached with sul- 
phuric acid, to remove a large part of the copper as copper sulphate. This hot copper 
sulphate solution, carrying the undissolved nick<4 oxide and some copper in suspension, 
is passed over rotating vacuum filters to separate the solid matter from the solution, 
which is then passed through a scries of lead -lined cooling vessels, causing the copper 
sulphate to drop out in solid form, which is separated from the liquid by vacuum filters 
similar to those used for obtaining the nickel residues. 

The cnide copper sulphate is redissolved and the concentrated solution run into 
large vats and allowed to cryfttallize. The blue-vitriol crystals arc Washed with water 
to remove acid, dried, and packed in casks for the market. 

Nickel Extraction. — The nickel oxide residue, free from most of the copper, is 
dried and fed into vertical (‘vlinders, divided into a scries of sections by horizontal 
plates. A vertical shaft, equipped with radiating arms or stirrers, passes through 
those horizontal plates and discharges the material from each section to the next 
lower. The cylinder is heated to about 300°O. and hydrogen (water gas) is 
pumped through the descending nickel oxide, reducing it to the metallic state. 
The reduced material is cooled and passed into another cylinder, called a vol- 
atilizor, similar to the reducer, except that it is not heated. As the reduced 
material passes down through the cylinder, it meets a stream of carbon monoxide 
gas, which combines with the nickel, forming nickel carbonyl (Ni(CO) 4 ). This 
reaction takes place at ordinary room temperature. 

The gas stream fmm the volatilizcr, now carrying nickel carbonyl, is forced through 
another vertical cylinder called a decomposer. This cylinder is filled with nickel 
pellets, which are constantlj^ being drawn off at the bottom and recharged at the top. 
The decomposer is heated to about 150®C. (270®F.), at which temperature the nickel 
carbonyl breaks down, depositing its nickel on the pellets. The carbon monoxide gas 
is returned to the volatilizer. The friction caused by the continual motion of the pellets 
detaches minute particles, which grow larger from the nickel deposited on them. The 
pellets drawn from the bottom pass over a screen and the smaller sizes are recharged 
at the top. The oversize are produced for the market. This product will contain Ni, 
99.80 per cent; S, trace; Fe, 0.06 per cent; C, 0.09 per cent; Si, trace; Cu, none. 

^ Taken largely from **Tbo Metftl Industry," Feb. 17, 1922, and the Report of tbe Eoyal Ontario 
Niokel CommJaiion, 
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The residue from the volatilizer, consisting of copper and mokel, is melted with 
sulphur to a copper-nickel matte and reverts to the initial step in the process, 
similar to the bessemer matte. 


The Hybinette Process. — This process was employed by the Bntish-Americaii 
Nickel Corpioration, at its refinery at Deschones, Que. Bessemer matte of the 
following composition Ni, 53, Cu, 28, S, 18, and Fe, 0 25 per cent — was pro- 
duced at the company’s smelter at Nitkelton, Out The matte was granulated 
and shipj)ed to the refinery The granulated matte was scrwned thiough 10 
mesh and charged into cementation tanks, through x^hith flossed the foul elec- 
trolyte from nickel-plating tanks Bessemei matte was semmietalhc, and the 
metallic portion cemented the ooppei , an equivalent amount of nickel went into 
solution To facilitate this metal Jransfei, each tank was equipped with hard- 
lead steam coils (about 70°F is necessary) The copper-free clectiolytc and the 
foul solution from plating tanks flowed m opposite directions through a heat 
mtcrchanger in winch a part of the heat in the puiihed luiuoi was trauhierred to the 
foul liquor before entering the cementation tanks 


Converier Maf-he 



1 


Ccmcnfa+ion 

Tanks 

Cenrented Maife J 

Roas+ers 

Ronsfed 



Nickel 

Caihodes 


Cutting and 
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Cut N eke! 

To Market 
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1 Trecrhnen+i 

□ 

LI 


Precious 
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TreatmeriT 
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Market 
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^uJohafe 
Crus fair 
7o Markel- 


Fia Bntish-Amencan Nickf‘l I (/ h flow sheet 


The spent matte from the cementation tanks, then containing about 44 per cent 
Cu and 38 per cent Ni, was excavated and sent to eight-hearth We<lge roasters, and 
roasted to about 1 per rent S The hot cahmes passed over a screen, the oversize 
was crushed and returned to roasters, and the fines were discharged into a launder, 
through which leaching solution conveycni them to leaching tanks of about 90-ton 
capacity This leaching solution was deplet(*d electrolyte from the copper-plating 
tanks (30 g per liter of Cu and 80 g per liter of HaSOi). 
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The copper-enriched solution from leaching tanks (Cu, 60 g. per liter; and H26O4, 
60 g.) passed through clarifying cones and thence to a series of three-tank, cascade 
electrolytic deposition tanks. These tanks were lead lined and contained eight cath- 
odes and nine lead anodes. The overflow from the third tank of the series returned 
to roaster launders as leach liquor. 

As a certain amount of nickel was dissolved with the copper and accumulated in the 
copper leach liquor or electrolyte, a portion of the spent electrolyte was continuously 
removed and passed through a separate series of plating tank®, where the copper was 
practically all removed, "rius copper-free solution was evaporated and the nickel 
crystallized as single nickel salts (NiS04.7H20). Mother liquor, rich in acid, was 
returned to leaching tanks. 

The nickel electrolyte was also continually enriched with nickel in the cementation 
tanks, where the copper cemented on the matte was replaced by an equivalent amount 
of nickel. It was necessary, therefore, to withdraw continually portions of the solu- 
tion which was evaporated and crystallized as above. The leached, roasted matte 
was excavated, mixed with coke breeze and limestone, and melted in a three-phase 
resistance furnace. The metal was tapped intermittently into a brick-lined ladle, 
and poured into cast-iron anode molds (24 by 30 in.). Anodes contained about 
68 per cent Ni, 20 per cent C'u, and 0.40 per cent Fe. 

The anodes were encased in bags to catch slimes and suspended in lead-lined tanks 
(30 anodes and 35 cathodes), ('athodes consisted of iron or copper plates (24 by 30 
in.) suspended in “Hybinette bags,” consisting of wooden frames with canvas sides, 
acting as diaphragms. 

Copper-free nickel electrolyte from cementation tanks (previously described) was 
fed to cathode bags through rubber tubes from a lead header at a rate sufficient to 
maintain a head of about 1 in. over the level m the anode compartment. This was to 
prevent anolyte containing copper from flowing into the cathode bags and contami- 
nating 1 he nicki'L The iron or copper cathodes were painted with graphite to facilitate 
stripping. Nickel sheets weighing about 30 lb, were stripped fnjin cathodes about 
every 10 days, washed with dilute sulphuric acid, and cut into small sejuares for ship- 
ment. Or they were melted in electric furnace and cast into ingots. 

Electrolytic nickel analyzed about: Ni, 98,25; Co, 0.75; Cu, 0.03; Fe, 0.50; C, 0.10; 
and Pb, 0.20 jier cent. 

Anode scrap was renielted and cast into molds. Slag from the melting fur- 
nace was shipped back to the smelter for retreatment. Slimes fiom the anode tanks 
were treated for the recovery of precious metals. 

Rolling-mill Operations. -A portion (if the refined nickel produced is manu- 
factured into malleable nickel in the usual commercial forms: rods, sheets, forgings, 
tubes, etc. In addition, the International Nickel Co. produces its alloy, Monel 
metal, in these forms. 

The rolling mill operations by ^'hich these forms are produced resemble somewhat 
those us(»d in tlie manufacture of stwl, and the equipment used is not very different 
from standard st('el-mill equipment. The operations of the International Nickel Co., 
at its new mill m Huntington, W. Va., represtmt the most modern practice in this 
respect and will serve as a typical illustration of such operations. 

Products. — This plant produces commercially pure malleable nickel, Monel 
metal, and copper-nickel alloys (constantan). The nickel is produced by remelt- 
ing pig nickel from its Port Colborne refinery, and the copper-nickel alloys by 
remelting pig nickel and ingot copper. The Monel metal is produced, however, 
direct from bessemer matte by roasting in mechanical furnaces, followed by reduc- 
tion and refining of the copper-nickel oxide in open-hearth or electric furnaces. 
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In the production of all of these metals the molten metal, after melting and refilling^ 
i& poured into chilled ingots, which are overhauled, hammer cogged to bloomSi then 
hot rolled to rods or sheets 

The process followed in casting ingots has been developed by years of careful 
piactice and attention The standard size of ingot is 1 1 by 14 by 60 m and weighs 
about 2 tons as cast "Ihese ingots are poured a1 a temperature of about 2900®F , 
after being deoxidized m the ladle by mctalhc magnesium The molds arc iron with 
preheated sand-hned tops The ingots, after cooling, aic stripped from the molds, 
marked with heat numbers, and taken to a Neuton s iw, when* the head is sawed off 
The head amounts to roughly 23 per cent of the gross weight Next, the ingot is 
skinned on a specially designi'd milling maihine, which takes a 14-in deep cut over 
each face. After milling, the ingot is inspeited foi any iinpcifcction and -if necessary 
— chipped in spots with a pniiimstic chisel After chipping, the ingot is lieatiHl foi 
forging in neutral atmosphere to aljDut 2000®? in a taiefulh (ontrolled gas-hred 
furnace with sin face-combustion bmiiers and forged under an S-ton ^team hammei to 
blooms 8 by 8 in for rods and bars and 0 b^ 5 m foi sheet bars, eatli bloom weighing 
about 1,000 lb The blooms aie overhauled with chipping hammers, then heated and 
rolled on a 24-m bar mill into sheet bars toi sheet lollmg 01 into billets foi the mer- 
chant mill Sheet bars aie rolled to 8 111 and 12 m wide and any thickness leqmred, 
and cut to length 

Sheet Mill. —The sheet bars are pi( kled and oveihauhsi, lh(*n heated in a gas-firoil 
furnace m neutral atinospliere to about 2()00°F, and hot 1 oiled on a 80-m diameter 
hot mill according to stool-null practice Thc'sc* mills will hiiidle sliec'ts up to 50 in 
wide and will produce gigc^s from OOlS to 0 250 in lengths from 8 ft up to 12 ft , 
depending upon width and gage \ftii liot roMing, the she; Is arc rough si]uared, 
pickled, and annealc'd in sealed boxes with powderc‘d chaicoal at After the 

first anneal, the shei't is leveled, eithei b\ a streteher or a roller leveling device, cold 
rolled two passes foi size, and re inneailed, resquareel, mspeeted, stenciled with si/e 
and gage, and sent to the w n chouse foi sliipmenl A iimst ean'ful control of the 
heating conditions is maintained throughout this piactice as an essential to besl^ 
qualify product 

C'old rolled sheets art produei d fiom the hot mill product following standard *4,i*cl 
practices, also employing spc*c lal modem t> pe of ( luster Mill e apabte of e^ffea ting cold 
reduetionB from 25 to 41) per eeait without furthe‘r anrmalmg operations Sheets 
of this charaete*! are produced to maximuin width of 3b'' and in the usual standard 
gauges These* produets hive a natui il high lustre* which is furth(*r ejove*lopod to 
high polish on imidein automatic polishing machines capable of ae cornmodating 
standard si/c sheets 

Merchant Rolls.- Billets loi rolling into lods and hais on the rnerehant iiiiIIh 
aie inspected for se*ams, pipes, cheeks, ote* and chipjxd free of defects 

The oveihauled billets are he*atecl to 2000 F for rolling m gas-bred heating furnaces 
of rcvoiberatoi y tvpe with siiifacc'-eemibustion Imrners T.hese furnaces are under 
pyrometer control and Orsat gas leadings are taken iieriodically to mu'ntam proper 
furnace atinosphei e, whie h should be n<*ai 1> neutral 

Billets are 1 oiled mto rods on four different mills at*e‘oieling to size of rod reeiuired 
Rods from 2- up to 4-in dnme'ter .ind eeiuivalemt sections are roiled on a 20-in 
diameter mill of the hand round tvpe 'Oie mill is extra-heavy const ruction, motor 
driven The billets are rolled ae cording to steel practice, except that reductions per 
pass are worked out espee lallj bii products 

After rolling, which is done in one heat, the resulting bars, in csimmereial lengths 
of 8 to 20 ft., are cropped by hot sawing and are rough straightened on a cooling bed. 
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When cold, the bare are gaged, inspected for any defects, and sent to the warehouse for 
shipment. 

Wire rods and small coiled flats are rolled on a 9-in. wire mill. This mill has 
several interesting features. The layout consists of two separate mills in line with 
each other of 9-in. pitch diameter, one being a five-stand roughing mill, the other a 
four-stand finishing mill. Added to these is a 14-in. Belgian roughing mill. This 
equipment allows coils of approximately 100-lb. weight to be finished in one heat in 
rod diameters of Ke down to %2 Power reels take the finsshed wire rod from the 
finishing pass and coil it to suitable size for handling in shipment and in subsequent 
working by the wire manufacturer. The finished material undergoes inspection and 
is finally sent to the warehouse for shipment. 

The rolling of nickel and Monel metal not carried out at quite such high speed 
as is sometimes practiced with steel, llie capacity of the finishing mills mentioned 
is about 100 tons per day. More attention i» given to the quality of the finished 
produce than to establishing production records. 

Cold-drawn Rods. — A cold-drawing department has boon added to the orig- 
inal mill installed. This consists at present of two straight draw benches of 25 
tons capacity. Each bench will handle rods up to 3-in. diameter or equivalent 
cross-section in lengths up to 20 ft. Rods are carefully selected from hot-rolled 
stock, pickled, and drawn one pass with g-in. reduction. The rods are then 
annealed and given a second pass with approximately the same reduction to 
finished size. Finished rods arc*irispected and straightened in a Medart machine 
and are then ready for shipment. 

Seamless Nickel Tubing. — Standard hot finished seamless nickel tubing is 
regularly produced by steel methods in the plant of one of the larger tube manu- 
facturers. These products are later reduced to cold drawn tubing in the equip- 
ment of the International Nickel Company at Huntington, W. Va., in a manner 
similar to the production of cold drawn rods. The sizes range from 1 to 4 inches 
in diameter and are of standard mill lengths. 

Reduced Nickel. — A special product produced at the Huntington plant of tin* 
International Nickel Co. is so-called reduced nickel. Reduced nickel is metallic 
nickel in a finely granular form, produced by reducing the black oxide of nickel 
with charcoal at a temperature slightly below IfiCKFF. It is dull gray, and 
magnetic. 

It is of use where a highly soluble form of nickel is desired and where the granular 
form is acceptable. One of its large uses is in the manufacture of nickel salts. A 
typical analysis of INCO reduced nickel is as follows: Cu, 0.26; Ni, 97.80; and soluble 
Ni, 95.80 per cent. 

The wet oxide to be reduced is mixed by piling and turning with about 30 per cent 
of its weight of ground charcoal. The intimate mixture is then charged into an oil- 
fired roasting furnace with flat rectangular hearth and working doors on each side, 
which allow hand rabbling of the charge during the reducing process. 

The charge in the furnace is leveled off to a depth of about 4 in. The oil burner is 
then lighted and heat is gradually applied to the charge. It is rabbled every 30 min. 
to insure even heating and to work the charge toward the front end of the furnace. 
Additional charcoal is added before the final rabble, or after about 31^ hr., and then 
the charge is drawn into iron drums, covered with charcoal and sealed. 

The drum is allowed to cool for at least 24 hr. The seal is then broken, the material 
dumped on the floor, screened through K-in. mesh wire screen, and put through mag- 
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netio separators to clean it from charcoal. The separated redut^ nickel iready for 
shipment is rather finely granular. A scret^n test shows that on an average 

90 per cent passes 10 mesh 
80 per cent passes 20 mesh 
50 per cent passes 50 mesh 
20 per cent passes 100 mesl) 

^ 10 per cent passes 150 mesh 

This product is put up in barrels, weiglnng about 1,(KH) lb. each, and is then ready 
for shipment. 

Properties and Commercial Applications. — Nickel is a silvery-whito metal 
having a strong luster. It is malleable, ductile, somewhat magnetic, harder and 
stronger than iron, resistant to abrasion, and of high melting jM)ini. It is very 
highly resistant to the action of air, water, non-oxidizmg acids, fused alkalies 
and salts, either fused or in aqueous solution. It is also remarkably resistant 
to oxidation at high temperatures. It has a magnetic transformation point occur- 
ring at about 320°C. in commercial grades. 

While nickel is primanlv divalent, a few relatively unstable compounds are known 
in which it is trivalent. A peroxide (NiO^) is also known. Nickel is, with cobalt 
and iron, a member of the eiglilh group of the periodic system. Its a1(»mi<* weight is 
58.68. In normal solutions of its salts, nickel has a solution prcssuie of about 0.6 
volt against the calomel (dectrode. Its electrochemical equivalent is 0.30425 mg. per 
coulomb. 

Nickel and its compounds exhibit strong catalylii activity in all types of reactions, 
as illustrated in its commercial use for the hydiogeiiation of oils 

Metallic nickel gives to its alloys strength, ductilitv, and resistance to corrosion. 
With such metals as copper and gold it acts as a powerful decolorizing agent. 

Distribution of Nickel. - -Nickel is widely used industrially. Arranged roughly 
in order of their relative importance fiom the tonnage stan(i]joint, the paths of 
distribution for nickel are as nickel steel, Monel metal, nickcd-silver and copp^r- 
nickcl alloys, electroplating, nickcl-cbromiuin-iron ^Mieat resisting" alloys, malle- 
able niekel, coinage, nickel salts for catalysts, etc , and nickel oxide for uw' in 
the ceramic* industry. 


Tabli: 1. C’oMMKiuiAn Non-m (Ikadks of Nii KKii 


tirade 
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, per eent 
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jCu 
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1( 

,S| 1 
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I'doetrolj tie* 

24" X 3b" - mo lb 

09 KO 

0 04 

t 

Ti 

Ki 

Nil 

Tr 

lltghe-it-gmdn malleable 

plates 







alloys 

Shot 








Non-f<rrous alloys and 

“X” 

(irunulated in ^ater 

00 n 

0 18 

12 

38 

' 10 

0 025 

rrucible niekel steel 

“XX 

(Jranulatcd in water 

00 4'> 

0 08 

10 

25 

or, 

0 008 


“A” 

(Jmnulate d in watei 

9« 7.*i 

0 18 

4.'i 

38 

22 

0 025 

Platf^s' anodf^ 

..p„ 

(iranulated in water 

01 7 r,\ 

0 20 

.30 

1 85 

5 7.5 

0 02.5 


Ingot or pig 

2’> .'“lO lb pig 

00 20 

0 .30 

03 

45 

03 

0 03.5 

Open-hearth or electric 
furnace steel 

Reduced nickel oxide 

Powder 

98 7 J 

0 U, 


.50 



Niekel salts 


1 Electrolytic nirkcl is malleable, but is seldom used for this property 
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Nickel is marketed in various forms, depending on the use to which it is to be put. 
These are; (1) grains, cubes, rondelles, or powder, reduced from the oxide at low 
temperature without being fused; (2) nickel shot, nickel deposited in concentric layers 
from nickel carbonyl (gas) without bemg fused; (3) electrolytic cathode sheets; (4) 
blocks or shot obtained by reducing nickel oxide at temperatures above the melting 
point of nickel and casting the resulting metal or pouring it into water, without 
deoxidation; (5) malleable nickel, produced in the same manner as (4), except that it 
is treated with a deoxidizer before pouring; (6) nickel salts; (7) nickel oxide. 

Most of the commercial production of nickel falls in class (4). 

One of the larger producers makes nickel in the grades listed in Table 1. 

Malleable Nickel. — The jiroperties of malleable nickel at ordinary tempera- 
tures are given in Tables 2 and 3 and at elevated temperatures in Table 4. 

Tablk 2. — Physic al Propkrties of MaIleable (99 Per Cent) Nic’kel 
(Commercially pure nickel) 

Density (specific gravity), S.84. 

Weight per cubic inch, 0.319 lb. 

Melting point, 14.50°r. (2r)40®F.). 

Shrinkage (pattern), 3-^ in. per foot. 

Linear coefficient of thermal expansion: 

25 to lOO^’C., 0.0000130 per degree. 

25 to 300°(\, 0.0000145 per degree. 

25 to mYC., 0.0000155 pvr degree. 

Electrical resistivity, 64 ohms per mil foot (10.6 michrom-cm ). 

Conductivity about 16 per cent of that ot copper. 

Coefficient of (‘lectrical resistivity, 0.0041 per degree Centigrade, or 0.0023 per 
degree Fahrenheit. 

Optical reflection coefficient, 65 per cent. 

Thermal conductivity, 0 14 e.gs. units (about 17 per cent that of copiier). 

Specific heat (20 to 1400°(\), 0.130 cal. per gram 

Latent hc’at of,fusion, 73 cal. pei gram. 

Magnetic induction at 100 gausses field strength, 5,000 gausses. 

Young’s modulus of elasticity, 30,000,000 lb. pei square inch. 

Torsional modulus, 10,000,000 lb. per sijuare inch. 

Poisson’s ratio, 0.33. 


Table 3 — MKf'HANir\L Properties of 99 Per Cent Nickel 


Form of mntonnl 


Tensile piopertie 

fl 


Hardness 

^ old point, 
poundh per 
s(|uau inch 

Tensile strength, 
punnds per 
square inch 

Elon- 
gation in 

2 m , per 
rent 

Redue- 
tion of 

area, 

per 

cent 

Hnnell 

.500 ,1 000 

kg kg 

Sclero- 

snope 

Rods, hot rolled 

20 000 dn,ooo 

70,000- 80,000 

40 50 

.59 70 

90- 1 10 

110-130 

15-18 

Sheet • 








Annealed 

15,000 25,000 

60 000 75.000 

35-45 


80 100 


12-14 

Cold rolled, hard 

8 5, (HIO* 10.5,000 

90,000-110,000: 

1-2 


130-160 


39-40 

Wire 








Annealed 

15 000 25 000 

60 000 75,000 

20 30 





Hard drann 

110,000-130,000 

120 000 140 000 

1-2 





Castings 

20 009 30,000 

nO.OOO- 60,000 

20 30 


80-100 


12-15 




Ar/cm 
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Nickel Md acme of its alloys retain their physical properties to a relatively high 
degree f elevated temperatures. The data of Table 4 were obtained by the Inter- 
national Nickel Co. 


Iable 4. Properties of 99 Per Cent Malleable Nickel and of Some of Its 
Alloys at Elevated Temperatures 


Temper- 

ature, 

degrees 

Fahrenheit 

1 

Rolled 

“A’’ 

nickel 

Rolled 

Monel 

metal 

20 per 
cent 
Ciipro 
nickel 

Teinpei- 

ature, 

degrees 

Fahren- 

heit 

Rolled 

“A" 

nickel 

Rolled 

Monel 

metal 

1 

20 per 
cent 
C'upro 
nickel 

Tensile strength, 1,000 lb. per square linch 

, 

1 \ield point, 1,000 lb. per square meli 

70 

81 

90 

63 

70 

2t 

45 


200 

82 

80 

61 

200 

2t 

38 


400 

St 

84 

58 

400 

24 

31 


600 

S3 

S2 

51 

6(X) 

23 

32 


800 

83 

78 

41 

8(K) 

21 

30 


1000 

58 

60 

30 

mx) 

19 

28 


1200 

45 

15 

18 

12(X) 

17 

24 


1400 

30 

22 

6 

140U 

13 

15 



17 

15 1 






1800 

11 

« 







8 

5 




• 


Elongation, per cent in 2 m. 

Reduction of aica, per cent 

70 

51 

to 

2S 

70 

70 

69 

1 

200 

51 

45 

27 

200 

j 08 

* 68 

i 

400 

52 

44 

26 

4(H) 

i 68 

66 


600 

51 

42 

2t 

600 

68 

64 


800 

50 

38 

22 

8(X) 

66 

02 


1000 

50 

29 

17 

1000 

7.-5 

31 


1200 

48 

13 

It 

1200 

76 

15 


1400 

50 

8 

23 

itoo 

78 

10 


1600 

33 

14 

27 

1000 

32 

15 


1800 

36 

18 


18(X) 

10 

25 


2000 

70 

22 


2(X)0 

99 

29 



Malleable nickel is the only prade in the production of wliicli dt oxidizers are used lleoxidatnjn 
18 accoraplished by the addition of inang-iiiPHe and iiiagm^siurn in tin eruc'ible or ladle before pouring into 
ingots or castings The carbon content is adjusted to 0 10 to 0 cf‘nt by adding < harcoal or mekel 

oxide and the metal raised to pouring temperature (2800 to 3000° F ) If an fUrtm furnace be used, 
the deoxidizers should be added in the fuiimcc if possible Manganese is added hrst, either as such or 
as ferromanganese, to the extent of 0 2.) to 2 0 pcT cent Magnesium is added to the ext<*nt of 1 15 oz 
per 100 lb of nickel It must be held iii tongs and plunged below the surface of the molten metal and 
an excess must be avoided 

The commercial forms of malleable nickel are: hot-rolled and cold-rolled sheets; 
hot-rolled and cold-drawn rods; cold-rolled strip: seamless and welded tubing; pipe; 
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wire; forgings; castings; and fabricated forms, such as screen, filter, and wire cloth, 
wool, etc. The metal may be machined, welded, forged, or brazed. 

At least twelve countries use nickel for subsidiary coinage and it is largely used for 
household and ornamental stampings and fittings. 

For its resistance to corrosion it is used extensively for cooking utensils, dairy and 
food-handling machinery, laboratory apparatus and equipment for operations, diges- 
tions, evaporation, and transport in the manufacture of dyes and intermediates, 
e-ssential oils, etc. Kettles, stills, fusion pots, especially for cyanide fusions, and other 
apparatus are made of malleable nickel, castings of which arc quite general for heavy 
equipment of this type. Some nickel is used for valve trim. 

For its resistance to oxidation at high temperatures, nickel is used as heat- 
resisting castings, parts of glass-making machinery, lehrs and annealing furnaces, 
burner parts, as wire for spark-plug electrodes, suspension wires of electric-light 
bulbs, resistance pyromc'ter tubes, and for comToustion boats used in the reduction of 
tungsten and molybdenum oxides. Nickel wire with high manganese content is 
practically standard for apark-j)lug (‘leclrodes. The “D” nickel of the International 
Nickel Co. contains from 3 to 6 per cent of manganese. It has a specific resistivity 
of 20 microhms per centimeter cube and a temperature coefficient of 0.0020 per 
degree Centigrade. 

Rabble shoes of cast nickel, exposed in Edwards-type roasting furnaces to sulphur- 
izing and oxidizing gases at 600 to 1000°C. and to severe abrasion, outlast cast-iron 
shoes about four and a half times. 

Electroplating. — In the aggregate rather substantial quantities of nickel are 
consumed in such operations, the major portion of which is consumed in the form 
of platers’ anodes which vary in nickel content from 85 to 99 per cent. The 
chief impdrities contained are iron and carbon which in some cases is added espe- 
cially to promote rate of corrosion. The modern tendency, liowever, in these 
operations is towards the Iiigher purity product. Nickel plating is used for 
improving in appearance and protecting from corrosion the base metal to whi(‘h 
it is ap])lied. I3le])()sits can bo effected satisfactorily on iron, brass, copper, zinc 
and many of the common alloys. 

Rolativoly only a small amount of nickel is u.se<l in non-mctallic combinations. 
The sulphate and the double-ammonium sulphate are used in nickel plating, while 
the carbonate, nitrate, and formate are uscid as sources of reduced nickel for catalysts 
in chemical processes. The oxide is used sometimes for the under, or holding, coat 
in enameling steel Jiiid for coloring glazes in pottery manufacture. The hydroxide 
is used in the Edison ulkaliiu' storage cell, where it is reversibly altered to nickelic 
hydroxide during charging and discharging. 

Nickel-copper Alloys.— Nickel and copper are mutually soluble in all propor- 
tions, giving solid-solution alloys which are malleable both hot and cold. The 
malleability is obtained by the use of deoxidizers in the same manner as for nickel. 
Alloys low in nickel have a characteristic pinkish color, which fades progressively 
until at 26 per cent or more nickel the color is similar to that of pure nickel. 

The alloys used commercially range from 2.5 to alwut 70 per cent of nickel. For 
special properties, characteristic of the alloys of different nickel content, they are used 
for driving bands for shells, bullet jackets, condenser tubes, resistance to corrosion 
and erosion, turbine blading, coinage, valve seats and parts, resistance and pyrom- 


J 
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etor wire, and remelting purposes. Most of the alloys are known by spewal names 
in the mdustry. More complete information is given in the references cited in the 
Bibliography at the end of this section. 

Monel Metal, Monel metal is the trade-marked name of a nickel-i*opper 
alloy which contains approximately 67 per cent Ni, 28 i)er cent and 5 per cent 
of constituents of lesser importance, chiefly iron and manganese. It is a natural 
alloy, there being no separation of the two major constituents nor alteration of 
their relative proportions in the process of reduction from the ore in which both 
occur. This alloy resembles nickel in color, finish, and properties. It combines, 
in a single alloy, high mechanical properties with resistance to corrosion, oxida- 
tion, and erosion. Its mechanical properties are retained to a large extent at 
elevated temperatures, as may be soen in Tabic 4. 

This metal may be rolled, drawn, cast, forged, machined, welded, and soldered. 
It may be had m the form of pig, shot, hot-rolled and cold-rolled sh<*(‘ta, hot-rolUMl 
and cold-drawn rods, bars, strip, wire, welded tubing, eastings, lorgings and fabricated 
forms, such as wire screen and cloth, filter cloth, holts and nuts, nails, tacks, rivets, 
cable, chain, balls, etc. 

The properties of Monel metal are given m Tables 5 and 0. 

TaHLE 5. — PH'kSKAL ihtOPI.KTILS 01< MoNKL MeTAI. 

Density (specific gravity), 8. SO. 

Weight per cubic inch, 0.318 Ib. 

Melting point, 1300 to 135()"(\ (2370 to 246()'’F.). 

Shrinkage (pattern), m per foot. 

Linear coefficient of thermal expansion: 

25 to 100°C., 0 000014 per degree. 

25 to 300°C., 0 0000] 5 per degree. 

25 to 600®C., 0.000016 per degree. 

Electrical resistivity, 256 ohms per mil. foot (42.5 imcrohm-crn.).* 

Conductivity about 4 per cent of that of eopper 

Coefficient of electiical resistivity, 0 0019 per degree (’('iitigrade, or 0.0011 per 
degree Fa h reri h (at 

Optical reflection coefficiimt, 60 per rent 

Thermal conductivity, 0.06 e.gs units (alxiut 7 pei cent of that of copper). 

Specific heat (20 to 1300°C.), 0 127 cal per gram. 

Latent heal of fusion, 68 cal. per gram. 

Magnetic induction at 100 gausses field strength: 

Cast metal, 500 gausses. 

Rolled metal, 1,000 to 1 ,500 gausses. 

Magnetic transformation point, 93 to 95‘’C\ 

Young’s modulus of elasticity, 25,000,000 lb. per square inch. 

Torsional modulus, 9,500,000 lb. per square inch. ^ 

Compression tests on hot-rolled rods showed: proportional limit, 35,000 to 40,000 
lb. per square inch; yield point, 60,000 to 70,000 lb. per square inch Resistance to 
alternating stress in rotating-heam machines, approximately 100,000,000 altcniations 
at proportional limit, i.e., the endurance safe limit. Izod test, 100 ft. lb, on standard 
specimen. Charpy test (standard test piece), hot-rolled rod, 100 to 200 ft. lb. to 
rupture. 



T\ble 6 — MfirH^xicAL Properties of Movel Metal 
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Tensile properties and hardness average, except inhere ranges of \alues are indicated, torsional valu^ average of 72 tests 
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Chenucal Properties and Uses. — Monel metal is widely used for its resistance 
to corrosive conditions. It is used against anhydrous ammonia, either liquid or 
gaseous; ammonium, hydroxide solutions; solutions of or fused caustic alkalies 
and carbonates; fatty and other organic acids; seawater; solutions of neutral 
salts; gasoline and mineral oils; phenol and cresols; photographic chemicals, 
except solutions containing silver, urine, dry mercury, dyeing, and bleaching 
solutions; alcoholic and other beverages. It is also highly resistant to sulphuric, 
dilute phosphoric, hydrocyanic, hydrofluoric, acetic, and citric acids, fused cya- 
nides, ferrous sulphate, and dry chlorine. The metal is attacked by Holutions 
which are strongly oxidizing or contain easily reducible comiwunds and by molten 
lead and zinc. It is not resistant to hydrochloric, nitric, nitrous, sulphurous, 
chromic, or concentrated phosphoric acids or to solutions of ferric salts. 

It is used for marine propellers, dock hardware, and parts of ships exposed to the 
action of sea water; pumps, pump liii<‘rs, rods and valves for sea water, mine watera, 
and corrosive solutions generally; iiimmg inaehinery; screens; niachiner>' and 
equipment for dyeing and bleaching; miscellaneous j)arts of apparatus cxpoaeil to 
corrosive conditions in the chemical and oil industries generally; screen cloth, filter 
cloth, roofing, etc. Monel-metal pins and rods in sulphuric acid pickling tanks in 
the steel industry have exceptionally long life. Jjaigo quantities of metal were iiw'd 
in roofing the trainslieds of the Peimsyivniua Terminal, New ^'ork (’ity, the ("hieago. 
Northwestern Terminal, Chicago, and the Central llailroad of New Jersey Tcnninal, 
Jersey City, N. J. 

For the finish which it may be given as well as for its resistance to corrosion, 
Monel metal has been largely used for wasliing machiiu'rv, dairy (‘quipinent, cooking 
utensils, hotel, hospital and n'staiirant eciuipineiit, apparatus foi the manufacture of 
food products, knives, golf heads, small fittings, trim and stampings 

Monel metal is resistant to erosion and rcrains mu<‘h of its stnmgth at high tem- 
peratures. It is used for these properties for tiirbim* blading, gas-<'ngine valves, 
seats and spindles in pn'ssuro valves, plugs in oil stills, etc*. It will rc^sist oxidation 
satisfactorily at temperature's up to S()(P(\, but should not in gcmeral bc' us(*d at higher 
temperatures. Monel metal is used to some extent as resistance wire *xiid as spark- 
plug electrodes. 

Copper-nickel-zinc Alloys. —These alloys are known collectively as German 
silver or nickel silver. They are useil in a wide vari(‘ty of compositions and under 
various trade names for cutlery and table flatware, keys, j(*w(*lers’ wire, brazingsol- 
der, watchcases, etc. For some* use>, small amounts of l(‘ad or iron an* added, but 
the general range of compositions falls within the limits, Xi, 5 to JO; C u, 45 to 75; 
and Zn, 5 to 30 per cent. The alloys are white to slightly yellowish in color, 
malleable hot or cold, easily worked, and obtainiible in the usual brass-mill shaix^s, 
They are also used in the form of sand castings. Manufacturer s reconimcn- 
dations should he sought for the correct alloy for any sp(*<‘ific purpose. 

These alloys take an agreeable finish and many ar^* resistant to corrosion, ^n- 
sequently, considerable quantities are used for ornninenlal castings and stampings, 
plumbing fixtures, and parts of food-handling apparatus. Some metal, in the form 
of wire, is used as a high-resistance metal in electrical work. 

Nickel-chromium Alloys. — Nickel-chromium and nickel-chroraiuin-iron alloys 
are very highly resistant to oxidation at high temperatures and to chemical corro- 
sion, particularly under oxidizing conditions. They are malleable and are used 
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both in the wrought form for wire, etc., and almost entirely in the cast form for 
annealing boxes, carbonizing boxes, furnace parts, enameling racks, etc. These 
alloys have high electrical resistivity with low-temperature coefficients and are 
used in large quantities, as wire or ribbon, for heating elements in electrical appa- 
ratus and for other electrical properties. They are marketed under various trade 
names and range in composition as follows: Cr, 5 to 20 per cent; Fe, 5 to 40 per 
cent; Ni, balance. # 

Nickel-steels and Nickel-iron Alloys. --^Nickel and nickel-chromium are the 
most widely used of alloy steels. Ordinary nickel-steel containing about Z\i per 
cent nickel is used for automobile parts, bridge and structural steel, die blocks, 
locomotive forgings and castings, machine and machine tool parts, ordnance, and 
power-plant equipment. These steels are used mainly in the heat-treated condi- 
tion, in which form nickel refines the pearlite grain and increases hardness, yield 
point, and tensile strength without notably reducing ductility. Fatigue resist- 
ance and endurance under alternating stresses are increased and segregation is 
lessened. The addition of chromium to nickel-steels increases the beneficial 
effects of nickel and such steels are used to as great or greater extent than straight 
nickel-steels as heat-treated forgings for automobiles and other construction. 
More recently molybdenum nickel steels hav(‘ come into general use. 

Nickel steel of low-carbon content (0.1 to 0.2 per cent) is superior to carbon steel 
for case hardc'ning both in uniformity of case and in mechanical properties of core after 
heat treatment. 

The compositions of the most wid(*ly used nickel steels falls within the limit: Ni, 
3.25 to 3.75; Mn, 0.5 to 0.8; and C, 0.1 to 0.5 per cent. Five per cent nickel steel is 
used for cas(‘-hardened parts to withstand particularly severe service conditions. 

Nickel-chromium steels arc describcHl as low, medium, and high, and they range in 
composition as follows: Ni, 1.0 to 3.75; Cr. 0.45 to 1.75; and Mn, 0.30 to 0.80 per 
cent. The high nickel-chromium steels are used where particularly high physical 
properties are desired in all carbon ranges. * 

Nickel-iron alloys relatively high in nickel exhilnt remarkable magnetic properties 
and wide variation in their thermal expansivity in normal temperature ranges. ' Many 
are also resistant to corrosion. Invar, 30 per cent nickel, has an extn^mcly small 
coefficient of expansion at ordinary temperature and is used for mi'asuring tapes, 
parts of pn^cision instriim(*nts, etc. 

Nickel and nickel-chromium cast iron is being used commercially today for rolling 
mill parts such as rolls, mill guides, pipe bending dies, pipe balls, etc., for automobile 
engines and other cylinder castings, for pistons and piston rings, for cast iron cams, 
for sheet and plate metal forming dies, in various thin .section castings, prominently 
resistance grids — the amounts used varying from as little as 0.10 per cent (but usually 
not less than about 0.40 per cent) up to 5.0 per cent ni(‘kel and from 0 to 0.50 per 
cent chromium. 

The principal useful effects of nickel and suitable nickel-chromium combinations 
in gray iron have proved to be: (1) To increase strength from 10 to 50 per cent, requir- 
ing 0.50 to 1.0 per cent nickel together with 0 to 0.50 per cent chromium depending on 
the grade of iron, — a higher silicon iron requiring a greater addition of chromium; 

(2) to increase hardness 20 to 50 points Brinell without impairing machinability, 
requiring similar amounts of alloy; or raising the hardness 100 points Brinell, with 
the iron still remaining machinable, but loss readily so, with larger amounts of alloy; 

(3) to reduce edge, surface and corner chilling on thin sections or eliminate hard spots 
in castings made with comparatively hard iron and thus improve machinability; 
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requiring from 0.60 to 5 per cent nickel depending on conditions; (4) to increase 
toughness and deflection particularly of thin section castings by eliminating chill 
and hard spots, requiring also from 0.50 to 5 per cent nickel; (5) to refine grain and 
produce denser, less open castings reqiuring from .15 to 1.0 per cent nickel together 
with small amounts of chromium if desirable; [G) to equalize hardness and strength 
and machinabiiity over large sections or between small, irregular sections. 

Cast iron is itself a most complex and variable material and the use of those alloys 
m conjunction with it requires careful adjustment of the amount of the additions to 
the grade and composition of iron used as well as to tlie tvp(» and section of casting 
in question. Disappointing results may lie obtained when alloy additions are made 
which are not suited to the particular conditions, and some tests have be<*n made also 
on cast iron of high ;dlo\ content- up to dO per cent nickel -and consideration is 
invited to their interesting and unusual properties as suited to sp(‘cial apt>licatums. 

Miscellaneous Alloys. — Illium, a* complex alloy of Ni and C’r wdth lesser 
amounts of Cu, Mo, W, Mg, Fe, Al, and Si, is very highly resistant to corn ision. 
It is practically uriat tacked in 25 p<*r rent nitric acid solution. 

Nickel-raangancse, nickel-copper-mnngaiiese, and nickel-Hluminum alloys are 
used in the form of resistance wares and as parts ot pyrometer theimocouples. 

Nickel has been added in small iiniount«4 to many otlier aHoys of ituiustrial 
importance, in which it acts chiefly to increase hardness without decreasing ductility. 
Ijight aluminiim allov.s, aluniiMum bronzes, and some bra.sses and bearing metals are 
to be noted In this connection. 

Nickel alloys have been used as substitutes foi platinum waie and siM'alled white 
gold is an alloy of nickel and gold 

A high-bilieon nickel alloy in the form of sliot and c(Uilammg up to 5 per cent 
silicon is used for tumbling and burnishing purposes. It is harder than iron and do<*s 
not rust. 
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TUNGSTEN, VANADIUM, URANIUM AND- MOLYBDENUM 

By HiriiAun B. MooreE* and 11. B. Doeunek^ 

Introduction. -Among the eleinonts usually thought of as rare, vanadium, 
uranium, tungsten, and molybdenum stand out because of their importance in 
ferroalloys. These are, therefore, treated fit length in this section. 

VANADIUM 

(Atomic weight = 51.0) 

Occurrence. — Vanadium is never found free in nature. Its ores are fairly 
widely distributed, but seldom occur in (juantity in any one locality. The prin- 
cipal ores are j)atr(niito, roscoelite, earnotite, vanadinite, cuprodescloizite, zinc 
descloizite, inottr/imite, and puclmrite. Vanadium is found in small quantities 
in certain iron ores, and in the ash from lignites, coals, and other carbonaceous 
materials. 

Patronite is an impure vanadium sulphide found in Minasragra, Peru. The 
composition is approximately V^Sg, and it is assiK'ialed to a certain extent with car- 
bonaceous material, pyri((‘s, and free sulphur. The area in wliich the ore lies® is along 
the western limit of a broad anticline m “ Jura-Trias ” and Cretaceous rocks. A section 
shows the senes in this locality to be composed of green shales, thin beds of limestone, 
and red shales. Vanadium is found only m the nnl shales. The deposit proper 
appears to he a lens-sha[)ed mass, 28 ft. wide and 250 tt. long. The mineral that con- 
stitutes the larger portion of the deposit has been called “quisqueite.” It is a lilaek 
carbonaceous substance ^'onfainmg sulphur, with a hardness of 2.5 and a specific 
gravity of 1.75. Th(*n‘ is also a lesser quantity of a coke-like material woth a hardness 
of 4.5 and a specific gnixity of 2.2. Neither of these contain vanadium. The vana- 
dium is mostly in the southern end of the ore body, and to a depth of 20 ft. is largely 
in the form of a red calcium vanadate, and carries as much as .50 per cent vanadic 
oxide. It occurs m pockets and fills the cracks and fissures m a fine shale. 

Below this shale is the mother lode. It is from 9 to 30 ft. thick and extends along 
the greater length of the deposits It carries as high as 10 per cent vanadic oxide and 
nearly as much sulphur. On the east and south sides helow^ the mother lode is found 
a hard blue-black vanadium shale carrying as much as 13 per cent vanadic oxide and 
4 to 5 per cent suliihur. Patronite, the main vanadium mineral, is greenisli-black 
and has a hardness of 2.5 and a specific gravity of 2.71. It contains from 19 to 24.S 
per cent vanadic oxide and sometimes .50 per cent of combined suljiliur. Tliis deposit 
in Peru constitutes the largest known source of vanadium at the present time and 
furnishes the Vanadium Corporation of America with its major supply of ore. As this 

* General Manager, the Doir Co , New Yoik 

*U S Bureau Mines, Reno, Nev 

■ Hbwijtt, D. F., Ena Min. J., 83 (Sept 1, 1906), 385; Hiixebrand, W. F., J. Am. Chem. Sor., 29 
(1907), 1019, 
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company has been the largest producer of ferrovanadium and vanadium oompounds in 
the world, patronite is by far the most important ore of vanadium from the com- 
mercial standpoint. 

Koscoelite, or vanadium mica, is the second most iniportanl vanadium mineral 
commercially. It has a somewhat indefinite composition, the formula HsKtCMgFe)- 
(AlV)4(Si08)i2 representing its compositioiijairly well. It exists in minute scales of 
a brown to greenish-brown color. 8otnotinics the color is actually grt»en. The 
specific; gravity is 2.92 td 2,94. It exists rallier widely distributed in nature, but at 
only one place in the Ignited States has it been worked commercially, namely, near 
Newmire, San Miguel County, Colorado. 

Carnotite is mainly of importance on account of its uranium and radium content, 
but also carries usually from 3 to 5 per cent VgOs in ordinary commercial ores. It is 
found mainly in southwestern Colorado and ea.stcrii Ctali, but also c'vists in smaller 
(plant ities in other localitit^s, such as Hotth Australia, Portugal, etc. It is a potassium 
uranyl vanadate of the following upproMinnte coinfKKsition: Kj0.2U()8.Vi06.3Il20, 
The crystals are canary yidlow in c(»lor and usually exist as incrustations on other 
minerals, or are disseminated through a sandstone m uhicli tlu'y are usually found. 
It also contains small traces of calcium and baiiuin. Other deposits of vanadiferous 
sandstone similar to rosco(‘lito or carnotite have l>e(‘n more recently discovered in 
Colorado and Utah; of lh(»sc one near Ilille in Garfield (kmnty, (’olorado, appears 
capable of c.onsidcrable production. AnothiT is n'ported in Kin<*ry County, Utah. 

Vanadinite, or lead \anadate, is \vid(*h distributed, esp('cially in certain of the 
western states of the United Slat(*s, particularly Arizona, i\('W Mc'xico, Nevada, and 
California. The largest dt'posits are in Arizona, ^here it is frequ<‘ntly associated 
with wulfenite, or lead inohbdate. The depo.sits aic alino*.1 always low grade and 
tor this reason this mineral has not Ixhmi iHcd to any great e\t(Mit as a source of 
vanadium in the United Stall's. In Mexico, the vanadinite occurs at VilJarosahw, 
(^hihuahua. In Sjiam, iiniiortant deposits of xaiuidinite occur ru'ar Santa Marta, 
Kstrarnaduras. I'he ore is found in a saixlstoiu' which contains on an average 3 per 
cent vanadic oxide. This can be concentrated, and these d(‘posits sup) filed most of 
the vanadium used in the world up to thi‘ opiuiing of the Penivian mines. The 
mineral occurs m prismatic hexagonal crystals, and lias a spinfic gravity of 6.6 to 
7.1. It varies in color from ruby red to yifilowdsh and I'ven blown. 

Cuprodescloizite is a hydrated U'ad-copper vanadate' of the probable eomposition 
CPb("u)2(OH)V04. (Commercial sfimplcs of the ore may carry as much as 23 per 
(•('lit PbO, 7 per cent CCuO, and 8 to 10 per cimt The largc'st deposit of this 

mineral known at the presemt time is in the Shattuck mini' at liisbec*, \riz., although 
it IS found ill a few other localities in the l'njt(*(l State's. 

Zinc dcscloizite is a miiK'ral v('n" similai to cuprodcscloizite, where the zinc rf'places 
the coiiper. It is found in Newada, especially aroue*! (loodsiirings, in Now 
Mexico, in Arizona, and in Argcritina. Mottraniit(‘, a vanadate' of lead and copper, and 
pucherite, a liismuth vanadate, are of i(*s.ser imp«>rtancc to th(‘ minerals already 
described. Mottramite has been produced and shipiied from Tsunieb, Southwest 
Africa. 

Extraction from the Ores. — The method of extraction which can be used for 
vanadium ores varies materially with the ore and its grach*. In general, a 
different metallurgical process must be used for every mineral treated, although 
there are, of course, some general similarities between the methods used. 

Patronite is treated by first roasting in order to eliminate the sulphur as far as 
possible. It can then be lem'hed with either sulphuric acid, filtered and the filtrate 
evaporated to a crude vanadic oxide, or the roasted ore* can be leached with alkali 
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sodium carbonate or caustic soda, which will dissolve the vanadium as sodium vana- 
date. From this a high-grade vanadic oxide can be obtained by acidifying with 
sulphuric acid, or after neutralization the vanadium can be precipitated as vanadate 
of iron by means of ferrous sulphate. 

Roscoelito has been treated commercially at only one place in the United States, 
namely, at Newmire, Colo., where the Priinos Chemical Co. had a mill (now controlled 
by the Vanadium Corporation of America). The method they used was 
to roast the ground ore with salt and a small percenVage of ground pyrites. 
The ore contains almost no uranium, and no attempt was made to recover 
the minute quantity found in some of it. The mixed ore, salt, and pyrites were 
coarsely gniund and run into a dryer, which reduced the moisture to 1 per cent. The 
material which came out somewhat caked was ground to 20 mesh and roasted 
in a furnace for about 3 hr. The roasted material was delivered at the bottom of the 
furnace to conveyors which carried it to hxivlation tanks, where it was treated with 
water and filtered. The vanadium was now in solution as sodium vanadate. A 
solution of ferrous sulphate wa.s added, and the vanadium was precipitated as vanadate 
of iron. This precipitate was filtered out of the solution and partially dried and 
shipped to the company's r(*duction works. lioscoelite is not very amenable to acid- 
leaching methods, iis the mineral is quite insoluble. O. A. Koenig^ claims, however, 
that the mineral can be decomposed by either dilute sulphuric acid or hydrochloric 
acid under j>roper treatment as regards both heat and pressure. In practice, he 
proposes to use a solution containing 20 per cent sulphuric, hydrocliloric, or other 
acid at a temperature of about 20()°(\ and under a pressure of 225 lb. per scpiare inch; 
and he claims that this process will completely decompose and dissolve the roscoelitc* 
within a few hours. 

Carnotite is almost exclusively treated for its radium content, and practically all 
metallurgical processes for the treatment of carnotite have in view the extraction of 
the radium primarily, while the recovery of the uranium and vanadium is of second- 
ary importanc(‘. Some pro(*esses, therefore, do not obtain a high recovery of the 
vanadium. Metallurgical methods for the treatment of carnotite are discussed more 
fully in the chapter on Jladium, and under Uranium in this section. 

These methods may be classified by their initial operation as (1) acid leach; (2) 
digestion and extraction with sodium-carbonate solution (usually with some free 
caustic); (3) bisulphate (niter cake) fusion; (4) other sintering or fusion treatments. 
Of the acid methods, sulphuric gives the best oxtiaction of vanadium, hydrochloric is 
also good, but nitric acid is v(Ty inefficitmt and recpiires a subsecpieiit alkaline leach. 
Sodium carbonate solution also gives a poor extraction of vanadium <*vcn at autoclave 
tompcmiiircs. I\isi()n with niter cake, followed by a water leach, extracts the vana- 
dium completely. yVlkalme fusions may also give high recoveries, but are unsatis- 
factory because of furun co-lining and filtration difficulties. 

From a soda solution, uranium is precipitated by sodium hydroxide after neutral- 
izing tlH‘ carbonate. The vanadium is obtained by neutralizing the filtrate from the 
uranium and adding cither a slight excess (1/20 N) of sulphuric acid and boiling to 
prc‘cipitate vanadic acid, or adding a metal salt (ferrous sulphate, calcium chloride) to 
form tlie corresponding vanadate. From an acid leach, vanadium is precipitated 
with uranium and a portion of the basic elements prtvsent by carefully neutralizing and 
boiling. When sulphuric acid is present in large excess, it is economical to neutralize 
most of it with lime or limestone and filter off the calcium sulphate before precipi- 
tating the vanadium. In some cases the vanadium precipitate is reduced to ferro- 
alloy, but usually additional refining is necessary. This may be accomplished by 
extracting the precipitate with hot soda solution and precipitating as previously 
described for alkaline solutions. 

1 U. S. patont 986180. 
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Vanadinite waa originally titrated by leaching with sulphuric acid. This dissolved 
the vanadium and left the lead as insoluble lead sulphate^ from which the lead could 
be recovered by smelting. The process was not a success, because the action stopped 
after a short time, owing to the crystals of the vanadinite being coated with the lead 
sulphate, which prevented further action. J. E. Conley has thoroughly studied the 
treatment of vanadinite.* The method recommendoil by him is to fuse the vanadinitf' 
concentrate with a mixture of soda ash and caustic soda, which gives a better melt 
and a better recovery tlftin soda ash alone. Th(' lead is recovered as metallic lead 
and the vanadium is precipitated by mcan.s of slaked lime, giving calcium vanadate 
as a product. If any trace of molybdenum is present, the latter metal doc^ not come 
down with the vanadium and is thus eliminated. Th<‘ calcium vanadate can bo 
treated with sulphuric acid, the precipitated calcium sulphate filtered off, and the 
vanadium recovered as liigh-grade vanadic oxide. 

(^uprodescloizite has never b(*cn treated commercially, but, as it constitutes an 
important and jwtentiiilly fairly large source of vanadium, ('oiilcy's method is of 
interest.® The object is to nvover the lead, copper, and vanadium. (Vinley found 
that a sulphuric iwnd loach gives a fairly satisfactory extraction, but his preferable 
method is to subject the ore to a preliininory fusion with niter cake, followed by a 
hot-water leach, and tluai treat the residue with sulplmnc acid. By heating the 
ort' with an ecjual weight of niter cake, approximately two-thirds of the ore can bo 
decomposed and the corn'sponding vahu’s extracted. 'Die remaining values are then 
extracted bv leaching tin* residue with about une-balf as much acid as is reejuired in a 
straight-ar'.d treatment. 

Zinc descloi/it(‘ uj) to the present time has not been treated commercially. The 
principal dcpt)si1s in Nevada carry coiiHiderable c]unntitic.s calcilc, which make an 
acid treatment e\ pensive and, therefore, undesirable. Doerner^ has shown that a 
more ecoiioinicnl inefliod is tli<‘ fusion of zinc descioizite concentrate with carbon, 
caustic soda, and soda ash to convert the vanadium to water-soluble wmIiuhi vanadate 
and separate th(‘ leiicl and precious metals as bullion. The vanadium is leachetl from 
the slag, :icidifi<*d with sulphuric acid, and precipitated as vanadic acid by Iwiiling 
with steam. 

Most vanadium ores arc n()t madily amenable to concentration. Patronitc is 
partially concentrated by roasting. Hoseolite wois never concentrated at Newmire, 
Colo., the ore being tieated direct. The writers, however, know ot one gold ore in 
C’alifornia containing roscolite from which a high-grade vanadium concentrate has been 
obtained during the concentration of the ore for gold, (^arnotitc has been concen- 
trated by both sliming and dry concentration, attrition and dusting. Preliminary 
roa.sting increases the extraction, especially w^iih caihonaceous ores. VaniwJinitc 
IS easily concentrated bv the usual methods involving tables and sliiners. It is, 
however, difficult to sej>aratc vanadinite from wulfenite, a mineral with w'hich it is 
freriueritly associated, owdng to tlie fact that both minerals have almost tho same 
specific gravity, ('uprodescloizite and zinc descloizitc w'lll also concentrate on tables 
and slimers, but no commercial plants are known to the writers. The mam difficulty 
is a high loss in the slimes. 

Metallic Vanadium. -“Metallic vanadium has liecn produced by Gin^ by the 
electrolysis of a solution of vanadium trioxide is fused calcium vanadate. The 
material may also be prepan^d by the aluTninotbermic method, and by reducing 
the dichloride in hydrogen, in which case the metal is a light wdiitisli-gray iwwder. 

I Chem MH Eng , 80 (No 10), oU 
s Chem Met Eng , 80 (No 0), 405 
* U. S Bur Mines, Rpt of InveHtiqation*^ 2433 
< Eitclrorhem, Mel Jnd. (1909, No, 7), 264, 
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The metal has a hardness greater than that of steel or quartz. It takes a good 
polish and is not affected by air. If the powdered metal is thrown into a flame, 
or rapidly heated in oxygen, it burns brilliantly. Its specific gravity at 15^ is 5.5. 

Ferrovanadium. — As the principal use of vanadium is in steel and as the 
vanadium is always added to the steel in the form of ferrovanadium, the manu- 
facture of the latter product is of great importance. Formerly, 75 per cent of the 
ferrovanadium produced in this country was made in the^ open-hearth or crucible 
furnace by a modification of the thermit process, using aluminum as a reducing 
agent. ^ The remainder was produced by the electric furnace, using 90 per cent 
silicon as the reducing agent. Recently, the difficulti(‘s of reduction with carbon 
in the electric furnace have been surmounted, * thus eliminating expensive reduc- 
ing agents. 

A satisfactory ferrovanadium for commercial purposes contains from 30 to 40 
per cent vanadium and not more than 0.5 per cent (/, 1 per cent Si, 2 per cent Al, 0.1 
per cent S, and 0 1 per cM'iit Ph. It has a good fractuie, is not crystalline, and is 
})right gray in color. Too much carbon is injurious, because it makes a carbide with 
the vanadium, which is not satisfactory m steel making. In the aluminothormic or 
Goldschmidt method, vanadium oxide or iron vanadate is rt^dueed with aluminum shot 
in a gas-fired open-hearth furnace, slagging olT the alumina liy the addition of soda 
ash or fluor spar. When the oxide is used, iron turnings must also ])e added. The 
process is oxotheirnic, but it is sometimes lUTcssary to apply external heat m order 
to maintain the temperature required for a fluid melt. This may also be accom- 
plished by adding oxidizing ageiits, such as niter, intimate mixing, and rapid rate of 
feed, with large scab' of operation. The use of iron vanadate requires more aluminum 
than the oxide. Wlu*ii applied to complex ores, this mt'lhod presents great difficulties, 
as the oharg(‘ must he calculated so as to eliminate all undesiralile elements in the slag 
and at the same time produce a good recovery of high-grade alloy and the proper 
amount f)f heat. 

Silicon or ferrosilicon gives a satisfactory reduction in the electric furnace. The 
raw materials required are steel turnings, vanadium oxide, silicon, lime, and fluor spar. 
If ii'on vanadatt is used, the steel turnings are not add<*d. All material should be low 
in phosphonis, but s\ilpluir can be eliminated with the slag by remelting. 

In the method developed by Saklatwalla for electric-furnace reduction with 
carbon, the ore-flux mixture is fed eontiiiuously into a localized zone of extremely high 
temperature, which is ol)tain<‘d by high voltage and current density, combined >\itli 
close spacing of the electrode's. In this \\ny the vaiiadiuiii is supposed to })e reduced 
directly from the pentavalerit form to the metal, without the intermediate formation 
of the infusible and insoluble lower oxides wdiieh caused trouble in previous attempts. 
The furnace is three-phase, rectangular, with watt'r-eooled bushings for three 12-in. 
graphite electrodes. It is automatically ehaiged through water-cooled bashings in 
the cover. 

The melting point of ferrovanadium, practically free fnjm other elements and con- 
taining 40 per cent vanadium, is about 14S0°C. The melting point becomes gradually 
lower as the amount of vanadium is decreased until 35 per cent is reached, when it 
melts at 1425^0., and remains stationary until the alloy contains 30 per cent. At this 
point the melting point gradually rises to about 1450®C. 

Uses of Vanadium, — The chief use of vanadium is for making vanadium steel. 
The general effect of this ran* element on steel is to increase the elastic limit and 

1 Bull. A. 1 \I. E (August, mill). 1342 

9 Saklatwalla, J. Ind. Entf, Chem., li (No, 10), 908. 
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tensile strength without reducing the ductility. It is usually alloyed with 
chromium or manganese to give chromium-vanadium or manganese-vanadium 
steel, and is also used in open-hearth and high-speed tool stools. Vanadium is 
found in much of the steel used in motor cars, locomotive axles, rock drills, etc. 
The metal causes oxides and nitrides present to pass into the slag, and a certain 
portion of it also goes into solid solution, rendering the metal more coherent 
and less liable to disintegration. The quantitj^ of vanadium added to steel is 
small, the amount usually being between 0.1 and 0.4 per cent. 

Other uses for vanadium are as alloys with copper and aluminum. These alloys 
make excellent castings. It has been used in photography for toning silver bromide 
plates to a green color. Vanadium salts have also been used in ])ottery and glass, 
and as mordants. 

The chemical activity of vanadium and the large variety of its compounds will 
probably lead to a much wider chemical use. Vanadium pentoxide has been proposed 
as a catalyst in the synthesis of atiimonia and also m the oxidation of sulphur dioxide. 
The catalyst is prepared by heating briquettes made of 10 parts alumina and 1 part 
ammonium vanadate.^ 

Analytical Methods for Vanadium. — ^Vanadium in an oro can bo recognized 
qualitatively in the following manner: The ore is ground and boiled with hydro- 
chloric acid, filtered, and to the cold acid solution hydrogen peroxide is added. 
A deep-red (‘olor indicates thc' pr(\sence of vanadium. In a mineral such as ros- 
coelite, which is with difficulty solubh' in hydrochloric acid, the ore should be fused 
with sodium (‘arbonate, leached with water, filtered, and the filtrate* made acid 
with hydrochloric acid. On adding hydrogen peroxide, the red color will then be 
obtained. The choice of a quantitative method will depend upon the ore, or 
vanadium compound, to be analyz(‘d. Full analytical details an* given in U. R. 
Bureau of Mines Bull 70 and 212. 71ie following method is (jiiick and applicable 
to a large* variety ejf vanadium ore\s, (‘specially tlmse which e*otitain little inseiluble 
material and are decomposed by acids. Weigh enit a 1-g. sample eif the pulve^rizenl 
(jrc and adel 25 c.e. of concent rate*d hydrochloric a(*iei. Jleat eiii a hot plate to a 
small vf)lume, then add 10 e‘.c. of conce*ntrateel nitric acid and continue berating 
until dee;omposition is cornpk'te. Bemove from the hot plate, ceiol, and dilute 
to abenit 25 c.e. No\v aeld 10 c.c. of coiiceiitrated sulphuric acid and heat te) 
copious fumes. 

Cool slightly and carefully add about half a gram of potassium permanganate*. 
Again heat and cool, thou add 5 c.c. of water and 10 c.c. of hydrochloric acid and 
evaporate to copious fumes of suIpJiu’’ tnoxifle. Repe*at with two more evaporations 
of 5 c.c, of hydrochloric acid, (^jol and dilute to about 150 c.c., warm to dissolve? 
the ferric sulphate, and then titrate at 70 to SO® with N /20 KMn 04 to a pink which 
persists for half a minute. It is advisable to run a blank elctcrimnation, which usually 
ree]uire*s from 0,4 to 0.5 c.c. of N/20 KMn() 4 . Fc factor X 1.G3 = V 2 f) 6 . In an 
insoluble mineral, such as ro.scoelite, it is advisable to filter olff the insoluble rnnte^rial 
and to treat with hydrofluoric and suljdiuric acids in the usual manner to eliminate 
the silica, and then to rediSvSolve* in a mixture of hydrochloric and nitric acids. The 
method is applicable in the prt*senee of large* amounts of iron; molybdenum does not 
interfere; and arsenic, if present only in small amount, may be overlooked. Large 
amounts of arsenic, how^cver, should be removed by first passing sulphur dioxide 
through the solution after evaporating the first time to sulphur trioxide fumes, boiling 

I U. S. patents 1420201 to 1420203. 
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wft» attempted, the uranium in the alloy oxidized and went into the slag, leaving 
pig iron in the furnacse. Keeney^ was unable to get a ferrouranium containing as 
much as 30 per cent uranium, and, in addition, the carbon content was too high. 
He was, however, able to get a commercially high-grade uranium metal as 
described above. Gillett and Mack* succeeded in making a satisfactory ferro- 
uranium by using a pure UO 2 , a low-abh coke, and a pure iron as raw materials, 
with calcium fluoride as slag former. They stated that, by. using a tilting direct- 
arc tyiKJ furnace with water-cooled magnesite hearth and sides, it should be 
possible to produce commercially, without a second refining operation, ferroura- 
nium of any desired uranium content, say 40 to 70 per cent, with C averaging 
below 2 per cent. Si below 0.75 jxir cent, V below 0.5 per cent, and with Al, 8, 
P, and Mg all so low as to be negligible. 

Uses of Uranium. — Besides its use in steel, uranium has been used for many 
years as a coloring agent for glass. Sodium uranate is usually desired, although 
uranium oxide is sometimes used as a substitute. The color produced is opales- 
cent yellow, turning green by reflected light. Usually about 20 per cent of ura- 
nium calculated as oxide is required to produce the color, thus making the glass 
quite expensive. Uranium salts arc also used in the ceramic industry, and produce 
yellow, orange, and black glazes. The coloring power is great and only small 
quantities are required. Uranium salts have also been used to some extent as 
mordants for silk and wool, and also as a catalyst in the synthesis of ammonia 
from nitrogen and hy<lrogen.® In photography, uranium nitrate has been used as 
a sensitizing agent for pajK'r. With potassium sulphocyanide it can be used for 
toning bromide prints. 

Since Keeney and Gillett made ferrouranium and commercial uranium metal, 
some interest developed for a tunc in connection with uranium steel. One firm 
in this country had ferrournmum on sale and actively cooperated with 
one or two steel manufacturers in the manufacture of uranium steel. One part of 
uranium is supposed to replace from 2 to 3 parts of tungsten in high-speed steels. 
Keeney^ states that ferrouranium can be added to steel in quantities np to 4 per cent 
with a uranium recovery of at lesst .50 per cent; and a recovery of 70 per cent can be 
made in steel containing less than 2 per cent uranium. A considerable portion of the 
carbon and silicon in the ferrouranium seems to enter the steel. For a steel con- 
taining less than 2 per cent uranium, the feiTOuranium can be added in the ladle, but a 
higher percentage of uranium in the steel requires addition in the furnace, or dulling 
will occur. These results were obtained in the electric furnace, but uranium can also 
be made in the crucible furnace I'ranium steel has not come into general use, although 
some of the steel makera have claimed that uranium is a satisfactory substitute or 
tungsten in certain cases. 

Analytical Methods for Uranium. — A number of methods are suitable for the 
analysis of uranium ores, and these are discussed at length in Bull. 212 of the 
U. 8. Bureau of Mines. The following short method is usually satisfactory. 

Take a 2- to 5-g. sample, ignite if it is carbonaceous, add 16 c.c. of 1 : 1 sulphuric 
acid, and a few drops of mtric acid and heat till fumes of sulphur trioxide appear. 
Cool, dilute to 100 c.c., add an excess of sodium carbonate and hydrogen perioxide, 

i BuU A I. M £ (August, 1918). 1358 

*J.Ind Enff CAem , • (1917), 432, U S Bur Mines, Tech Paper 177. 

* Habbh and Lb RosaiairoL, Z Elektrochem , 19 (1913), 53. 

* BuU A I. M. £. (August. 1918), 1366. 
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boil 10 min., filter, and wash with hot water. The iron precipitate should be washed 
back in the beaker, digested with fresh soda solution, and refilterod, combining the 
filtrates, which are then acidified with sulphuric acid. After boiling off all CO 2 , 2 g. 
of ammonium phosphate are added, the solution is made slightly alkaline with ammonia, 
and then barely acidified with acetic acid. The precipitate is gently boiled for 10 
min., filtered, and washed thoroughly with a hot 2 per cent ammonium sulphate 
solution. For accurate work, the precipitation may be repeated. Dissolve the 
precipitate in 1 : 4 suliJhuric acid and wash to a volume of 100 c.c. Add an excess of 
potassium permanganate and 10 c.c. sulphuric acid and after warming a few minutes 
add 5 g. of granulated zinc. Reduce hot for 10 min., cool, filter through glass wool, 
washing fo a volume of 250 c.c. with cold water. Titrate with twentieth normal 
permanganate. The iron value of the permanganate times 2.5176 « UaOs. 

CUNGSTEN 
(Atomic weight = 184) 

Occurrence. — There are four reasonably common tungsten minerals found in 
the United States. Ferberito, wolframite, and hubnerite are closely associated as 
regards their composition. Forberite is usually classed as an iron tungstate, 
although it may and often does carry moderate quantities of manganese. Wolf- 
ramite is an iron-manganese tungstate, carrying usually, however, more iron than 
manganese. Hubnerite is a manganese-iron tungstate containing more manga- 
nese than wolframite. These minerals form a complete series with almost an 
infinite number of members between a pure iron tungstate and a pure manganese 
tungstate. Scheelite, calcium tungstate, is the fourth. 

Hesa^ has suggested the following definitions: “Ferberite should bo considered 
as an iron tungstate (FeW() 4 ) ccmtaminated by not more than 20 per cent MnW 04 , 
a pnijxirtion equivalent to 4.69 per cent MiiO, or 8.68 per cent Mn in the pure tungsten 
mineral. Hubnerite should be considiTed as managnesc tungstate (MnW() 4 ) con- 
taminated by not more than 20 per cent FoW() 4 , a proportion eipii valent to 4.74 
]jer cent FeO, or 3.69 per cent Fe. Wolframite should cover the gVnmd between the 
limits above indicated. That is, wolframite should be considered a mixture of iron 
and manganese tungstates containing not less than 20 per cent nor more than 80 
per cent of either. Excojit the light-colored hubnerites, most of those minerals cannot 
be detecttKl by the eye or by simple tests, and in the absence of analyses it is, therefore, 
convenient to refer to the dark minerals of the series as wolframites.” Ferberite and 
wolframite, when pure, are Ijlack. When partly oxidized they may appear brownish 
from the presence of iron oxide. Hubnerite is characteristically brown, some speci- 
mens, however, being yellowish, others reddish, and some nearly black. These 
minerals are all monoclinic in form. Ferberite has mon^ of a tendency to form well- 
defined crystals than do the olhers. In hardness, all of these minerals are a little 
over 5. Their specific gravities range from 7.2 or 7.3 in hubnerite to 7.5 in ferberite, 
while the specific gravity of wolframite is intermediate between these figures. Schocl- 
ite is a calcium tungstate ((^aW 04 ). In color it is usually white, light gray, or light 
yellow, although its color may occasionally vary from greenish yellow to brown. 
Its luster is slightly glassy It is found in granular masses, or in irregular lumps of a 
more or lees coarse texture. Its hardneas is a little kiss than 5, and its specific gravity 
is approximately 6. It posse.sses four directions of good cleavage. Other tungsten 
minerals of less importance are stolzitc or lead tungstate, cuprotungstite or hydrated 
copper tungstate, and tungstite or tungstic ocher, a hydrated tungstic oxide. 

1 U. 8. Gool. Survey BuU., 052, p 22. 
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Ferberito is found in several western states, but mainly in Colorado in the Boulder 
district* This district has a length of 12 miles in a northeast and southwest direction, 
and a width of about 7 miles, and begins about 6 miles due west of the town of Boulder* 
The tungsten veins are in many ways similar to the gold veins of the district, and seem 
to have a close connection with them in genesis. Hubnerite and wolframite are 
mainly found in New Mexico, Arizona, Nevada, and South Dakota, although the 
minerals are frequently met with in small quantities in other states. They do not 
form so important a commercial source of tungsten as ferberito and scheelite. The 
latter mineral is mainly found in California, principally near Atolia in northwest 
San Bernardino County. A second area of considerable importance lies in Inyo 
CWnty, near Bishop. The AtoHa-Handsburg district occupies an area of about 2^ 
l^y 10 miles in extent. Tungsten minerals are found to a vc'ry considerable extent in 
foreign countries, namely, in Burma, Siam, the Malay States, Portugal, Bolivia, 
Argentina, Peru, England, China, Australia, aiid New Zealand. During the last 
few years, ores from these countries have competed to a very considerable extent with 
United States ores. 

Extraction from the Ores. — Up to recent years, most methods of treatment of 
tungsten ores were small modifications of the original Oxland process, which was 
patented in 1847. This involves a fusion with sodium carbonate of the finely 
ground ore previously leached with hydrochloric acid to get rid of traces of bis- 
muth if this metal is present. Sometimes a small amount of sodium nitrate is 
added to the sodium carbonate. The mixture is placed in a reverberatory furnace 
and sintered, care being taken not to fuse it. It is then removed and ground. 
Frequently, this treatment does not give a sufficiently high exi;raction of the 
tungsten, and involves a second sintering process. The sintered mass is leached 
with hot water in tanks. Tungsten dissolves as sodium tungstate, while the 
iron, calcium and most of the manganese remain insoluble. 8ome of the phos- 
phoric acid and silicic acid also dissolve as silico- and phosphotungstates. Traces 
of manganese may also dissolve, owing to the sodium nitrate present, as sodium 
mangaiiate. The solution of sodium tungstate may be either evaporated to dry- 
ness, or evaporated to the point at which crystallization takes place. The 
chief impurities are sulphates, silicates and arsenates of sodium, with traces of 
iron and manganese. Iron, manganese, and arsenic are precipitated by a small 
quantity of caustic soda, and the greater portion of the sodium sulphate will 
crystallize out before sodium tungstate. The silica remains in the mother liquor, 
after the crystallization of the sodium tungstate, and causes some loss of tungsten 
in the form of soluble silicotungstates, which, how^ever, can be used as by-products 
for fireproofing purposes. The fairly pure sodium tungstate is redissolved in 
boiling water and added to a boiling solution of hydrochloric acid made up of 1 
part of concentrated acid and 7 of water. Sometimes about 5 per cent of nitric 
acid is added. The result is the precipitation of the tungsten as hydrated tung- 
stic oxide, which is filtered off and washed in filter presses. It is important 
that the oxide should be washed free from sodium salts, as otherwise on drying 
it has a greenish tinge which is not attractive to purchasers. 

One of the best methods, if not the best, for producing a high-grade tungstic 
acid is that of Ekeley and Htoddnrd.^ This pnicess is u.sed at one mill in Boulder 
County for the treatment <»f m(‘<lium-grade fc*rl)erite ores and concentratt*a. Usually 
middlings from the mills, or ore running from to 25 per cent WOs, areuseil. The 

1 U. S. patents No 125ol44 and 1322485 
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product is a high-grade tungstic aoid^ said to contain loss than 0.03* per i^utfdios- 
phorus and 0.03 per cent sulphur, with only a small per cent of silica. After drying, 
the oxide runs from 09 to 90.7 WO9. 'fhe ore is mixed with sodium carbonate and salt 
and the charge is placed m sheet-iron pans 2 by 4 ft. and 6 in. in depth, This is placed 
in a fircj-brick furnace heated by oil burners. The charge is so proportioned that a 
glass slag is obtained. The heat treatment requires about an hour, at the end of which 
the pans are pulled out of the furnace onto an iron rack, clamped, and inverted, and 
the fused charge dumped into an iron receptacle, where it is allowed to <xk>1. It is 
broken into pieces and ground in a crusher to approximately J^-in. size. It is then 
mixed in a cement mixer with a hot-water wash liquor from u previous run. The 
contents are dumped into a s(Teen-hottom trough, which retains the coarse residue. 
This is shoveled back into the mixer and washed with hot water, the wash water being 
used in the next mn. The concentrated solution is allowed to settle and the clear 
solution is given a secret troatmenti which removes the last traces of the phosphorus, 
arsenic, silica, and other deleterious substances. This probably involves the use of 
magnesium chloride as a precipitant. After filtering, the clear solutions are run 
into a large wooden tank, heated, and calcium tungstate is precipitated by the addition 
of a solution of calcium chloride. The precipitate is allowed to settle, and is scraped 
out and treated with commercial hydrochloric acid in a wooden revolving drutn. 
After settling, the solution is drawn off through suction filters. The residue is treated 
twice with hydrochloric acid m this manner, and finally the whole is dumi>ed onto the 
suction filters. This treatment produces tungstic acid as a precipitate, and the acid 
solution contains calcium chloride and calcium sulphate. This is allowed to run into 
stone vessels, in which the calcium sulphate crystallizes out, and the clear solution is 
drawn off into barrels, to which lime is added, which prtiduces calcium chloride for 
further use. 

Acid-leaching methods arc also used in connection with all the commercial tung- 
sten ores. They are especially used for getting nd of manganese, and give good 
results with scheelite. Ferberitc, wolframite, and hubnerite are soluble in hot con- 
centrated hydrochloric acid, but it is necessary to digest the ores in the acid for a 
considerable time. Under such conditions the ores are decomposed and the manga- 
nese goes into solution, while the tungsten is precipitated ns tungstic acid and remains 
with the insoluble residue. After filtering, the residue is extruded with ammonia, 
which dissolves the tungstic acid, giving ammonium tungstate. On ignition, this is 
decomposed, giving tungstic acid and ammonia, which may bo recovered for further 
use. Phosphorus is gotten rid of at some stage m the operation by precipitating 
with magnesium chloride, or, if tungsten powder is made from the tungstic acid, a 
considerable amount of phosiihonis can be leached out of the powder with hydro- 
chloric acid. Scheelite is soluble m hydrochloric acid, but one firm adds to the ease 
of solubility by using hydrochloric acid and sodium chlorate. The decomposition 
of the ore takes place in acidproof earthenware pots m a hood with a steam draft. 
After complete decomposition the tungstic acid and insoluble silica are filtered off. 
By using high-grade scheelite the amount of silica present is not large, and the refin- 
ing of the product is not carried any further, but the acid, without furtlior removal 
of the silica, is used for the manufacture of tungsten powder. 

Gin^ suggests a bisulphate fusion for the ore w-henever tin is present. This 
method, therefore, does not apply specially to American orcii, but is useful for some 
of the foreign ores. The tin can be largely separated from the tungsten ore by means 
of magnetic separation, but there is usually at least 1 per cent of tin oxide left behind 
with the tungsten. The ore is decomposed by means of acid potassium sulphate in 
a muffle furnace. After the sulphate is fused, the ore is thrown in and the mass is 
stirred continually and the temperature increased until the whole mass is fluid enough 

* Trans Am Electrocfaem Soc , IS, 481, 
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to run out of the furnace. After solidification the fused moss is ground and treated 
with water, which dissolves the soluble sulphates and phosphoric acid and leaves 
insoluble potassium acid tungstate as a white amorphous precipitate. About 50 
per cent excess of bisulphate over that theoretically required is actually necessary. 
The insoluble residue is dried and treated with a warm solution of ammonium car- 
bonate, or cold ammonia water in which carbon dioxide is passed. The potassium 
acid tungstate dissolves leaving the silica, the cassitcrite, and the insoluble sulphates. 
The solution is evaporated to crystallization, which gives ammcnium tungstate, from 
whicli tungstic oxide is made by heating. 

Concentration Methods. — The tungsten minerals are all very amenable to 
concentration methods, the methods used involving jigs, tables, and sliiners. 
A good many mills also have “rag plants,” instead of slimers, or work the two 
together. The average grade of concentrate «that was demanded up to five or 
six years ago was around 60 per cent. Since 19 IS, concentrates of 55 per 
cent were classed as high grade. One of the difficulties in connection with milling 
operations is the handling of second-jig and low-grade slime products. These 
to a certain extent have been taken care of by a chemical treatment plant. 
Where this is not used, tlie product, of course, is often reground and reconceii- 
trated, but this always involves considerable loss. Mill o])erations have been 
improved very much during the last eight years, and an average recovery of 85 to 
87 per cent is not now uncommon. 

Metallic Tungsten.— Metallic tungsten can be made in a number of ways. 
The purest product i.s obtained by heating a very high-grade tungstic oxide in a 
current of hydrogen. The oxide can also be reduced by means of carbon or 
metallic zinc. Metallic aluminum and niagnesium also can be used instead of 
zinc. Most metallic tungsten prepared commercially is in th(^ form of powder 
for making tungsten steel. Reduction with carbon is the method usually used, 
as the reaction goes readily and pre.sents few difficulties. The reduction can 
take place either in a steel tube or in a covered steel crucible. l)avis‘ has care- 
fully studied the' conditions and temperatures necessary* for the reduction of 
tungstic oxide to the metal. • He finds that at 6.50 to 8.50° the oxide goes to a 
black or j)urple on heating with carbon; at 9.50 to lOoO^C. a chocolate-colored 
product is the result (probably W( > 2 ) ; and at teinperaturt\s above 10.50°C. the gray, 
powdered, metallic tungsten results. The ratio of tungstic oxide to carbon 
varies from 10:1 to 10: 1.6, depending upon the process used, the temperature of 
reduction, and the time involved. A small excess of carboii can be partially 
removed by washing. Both fire-clay crucibles and iron tubes give satisfactory 
results, and a product of over 98 per cent metallic tungsten can be produced. 
Whereas the reduction to metal is complete at 1050°C., it is better to keep the 
temperature around 1100°C. 

Shapley’s process for producing commercial tungsten is thus described A scheelite 
concentrate is mixed with crude soda (trona) in a hall mill, and the batch transferred 
to a fire-brick crucible and melted with crude oil fuel, the flame striking directly on 
the charge. When the melt is quiet, the charge is tapped, the molten material 
flowing directly into a small Pachuca tank nearly filled witli water. The water is 
agitated violently by compressed air during the pouring of the charge and for an hour 

1 Jour. Ind. Eng Chem , 11 (No 3). 201. 

I Chem Met. Eng., 14 (Mar 2, 1921) 374. 
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in addition* Tho action of the water on the molten sodium tungstate shatters this 
material so that it will all pass a 20-mesh screen and the sodium tungstate is easily 
and completely dissolved. The charge from the Pachuca is transferred to a redwood 
filter tank having a filtering medium of coco matting and canvas. The filtrate runs 
to storage tanks through a small filter press having filter paper between the plates. 
An absolutely clear solution results and, as the amount of insoluble matter is small, 
the press is cleaned only at rare intervals. The material in the filter tank is washed 
several times and the* wash water returned to be used for the next melt. 

To precipitate an easily filterable tungstic oxide, the solution is brought to boil- 
ing by means of steam coils placed directly in the solution and the boiling solution is 
transferred to stoneware crocks. The crocks are jacketed for hot water and contain 
enough hydrochloric acid to precipitate the tungsten as oxide. (About 3 per cent of 
nitric acid is used with the hydrochloric.) If the solution is kept nearly at the boiling 
point, the precipitate will be compa^tively coarse grained and easily filtered. 

The precipitated material is allowed to stand for an hour at a temperature close 
to 100°(>., and the clear, weak acid solution decanted and replaced with distilled water 
obtained fmm the heating coils. The precipitate is run into a flat-bottomed filter 
tank having a filtering medium of coco mat and canvas (protected with shoveling 
strips) and is washed repeatedly with distilled water. An acid-free product results, 
containing about 45 per cent water, as determined by heating a sample to 500®C. 

The batch is then transferred to a wooden mixer similar to a butler churn, and the 
correct amount of gas-house carbon is added to reduce the tungsten oxide to the metal. 
After kneading for half an hour the mixture is transferred to fire-('lay crucibles and 
allowed to dry slowly, waste heat from the reduction furnace being used to dry the 
product completely. Any reduction in volume due to shrinkage during drying is 
made up with more dry material, and the crucibles arc covered with a grapliite lid, 
ground to fit. 

Reduction is done in a siieclal furnace, which is opc'rated continuously and reduces 
a charge in about a 4-hr. heating at r250“(\ I\iel oil is used for heating the furnace. 

The metallic tungsten is a lumpy gray mass that must be ground and screened, 
and packed in l(K)-lb. tins. 

The process used by the Fansteel Products Co. uses a hand-picked wolframite ore 
which is charged in a small reverberatory, 200 lb. ore to l(X) 4b. soda ash. I'hi' 
charge is hand rabbled at 800®C., which converts all manganese oxide to dioxide, 
while the following main reaction takes place: 

2FcW 04 + 0 + NaaCOa = 2Na2W04 -h Fc20a -h 2C()2 

The temperature must be kept low enough not to fuse the mass. The funiace 
bottom is now a 1-in. iron plate, but basic brick arc recommended 

The furnace product is leached, and the sodium tungstate solution at from 30 to 
60®B4. is brought to boiling and 20®B<!^. calcium chloride solution added. The cal- 
cium tungstate thus produced is washed by decantation and is then IjMiiled by means 
of live steam with hydrochloric acid, thus producing tungstic acid. 

This tungstic acid is then converted to ammonium paratungstate and the ammonia 
removed by nitric acid. Reference to the origmal article should be made for details 
of this process. ‘ 

Davis also found that the temperature of reduction with hydrogen at ordinary 
pressures is much the same as with carlmn. The properties of metallic tungsten an* 
unique, so that when it was first prepared it led to a search for methods for producing 
the metal in a ductile foim. It was found that this could be done by repeated heat- 
ing, rolling, hammering, drawing, and swaging. Cast tungsten, or tungsten powder, 
differs widely in its properties from the pure raw material, such as is used in the manu- 

» Chem Met Eng , 28 (Jan 7, 1920), 9 
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fa<!ture of mcandescent^lamp filaments. The tungsten powder is brittle, crystailme, 
and hard and has a specific gravity of 16 to 17. The pure metal is softer and tougher, 
can be welded at a yellow heat, and even drawn into fine wire. Its specific gravity 
is 19.8 or over, and the melting point close to 3270®C. A wire of 5-mm. diameter has 
a tensile strength of more than 450,000 lb. to the square inch. At a red heat, the 
metal oxidizes in the air. Melted sulphur and phosphorus attack it slowly; potassium 
bisulphate, caustic alkalies, and fused nitrates attack the metal, but solutions of these 
salts have practically no action on it. Hot dilute sulphuric acid affects it only slightly, 
but the concentrated acid dissolves the metal slowly. At ordinary temperatures 
hydrochloric acid of any concentration has pmctically no action, but the strong boiling 
acid dissolves it slowly. Concentrated nitric acid and hydrofluoric acid have very 
little action on tungsten, but the two acids when mixed attack it fairly rapidly. 

Ferrotungsten. — Tungsten is the principal rare metal used for alloy purposes 
in connection with the manufacture of high-sp^^ steels. In making this steel, 
either ferrotungsten or tungsten powder may be used. The annual production of the 
two is probably about equal in quantity. When ferberite is used, practically all 
ferrotungsten is made directly from the high-grade concentrate without previous 
chemical treatment of the ore. The product obtained in such a case contains usually 
from 70 to 85 per cent W, 0.5 per cent C, 0.4 per cent Si, 0.5 per cent Mn, 0.01 per cent 
S, and 0.02 per cent P. Ferrotungsten has a high density, a fine gray fracture, and 
is not crystalline, 

Keeney* gives a detailed description of the manufacture of ferrotungsten. The 
reduction with carbon goes readily. The slag may contain as high as 8 per cent FeO, 
but less than 1 per cent WO 3 . Theoretically, the reduction of 100 parts of alloy 
from 122 parts of ferberite requires 16 parts of carbon, but practically about 25 per 
cent excess of carbon is charged. Small amounts of lime and fluor spar are used to 
flux the silica. Operating in this manner, with an excess of carbon, a product is 
made containing 3 per cent C, 70 per cent W, 0.05 per cent P, and 0.01 per cent S, 
with slag containing below 1 per cent WOa. The analysis of a typical concentrate 
for the manufacture of such a product is WO,, 60.36; Fe, 22.0; Si02, ^^.0; Mn, 0.05; 
S, 0.35; and P, 0.05 per cent. 

A typical operation involves (‘harging into the furnace 65 lb. of a mixture composed 
of 200 lb. concentratfe, 42 lb. coke, 56 lb. lime, and 6 lb. fluor spar. Three more 65-lb. 
charges are added at intervals of hr., and at 2\i, hr. from the start the furnace is 
tilted and the slag poured. This cycle is repeated until a 1,200-lb. button has been 
formed, requiring 24 to 36 hr. The furnace is allowed to cool, is torn down, and the 
button of metal removed, cleaned, and broken up. This crude metal is refined as 
follows: A charge of 150 lb. metal and 75 lb. ferberite concentrnte are smelted for 

hr., when 12 lb. of fluor spar are added. After another 3 hr. the slag is poured and 
a fresh charge is started. The process is continued for from 36 to 48 hr. until a 
button weighing 1,500 lb. has been forrrfed, when the furnace is allowed to cool, is 
t/Om down, and the button of metal removed, cleaned, and broken. Ferrotungsten 
containing less than 1 per cent carbon can' be made in a single smelting operation by 
careful regulation of the carbon in the charge and the use of an acid slag. The prod- 
uct, however, is less pure and the slag loss is higher. In addition, the metal will 
contain higher phosphorus and sulphur. 

tlges of Tungsten. — The main use for tungsten is in the manufacture of steel, 
especially high-speed steel. Such steel is generally made by the crucible process, 
although not alwa>'s. A steel suitable for such use may contain a.s high as 15 
or 20 per cent tungsten, and as low as 8 or 10 per cent tungsten, and 4 per cent 
chromium. Vanadium and molybdenum may also be used in small quantity, 

1 A I M E (August, 1918), 1338. 
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And uranium has in some special steels partially replaced the tungsten. Tung* 
sten is also used in self-hardening steels, or those requiring no tempering after 
forging. They may have a composition between the foiloiving limits: W, 
2,4 to 3.4 per cent; Cr, up to 6 per cent; C, 0.4 to 2.2 per cent; and Si, 0.2 to 
3 per cent. 

The chief property which tungsten gives to steels is tensile strength, which, with 
the elastic limit, incieases within certain limits as the percentage of tungsten increases. 
Elongation and resistance to shock diminish proportionately, and the hardness in- 
creases fairly consistently with the per cent of tungsten. Tungsten is also used for 
filaments in electric lamps. For making the filaments, the squirting*’ process was 
originally employed. This involved mixing metallic tungsten powder with an organic 
binding material, such os gum, and these were squirted into the filament. The cai^ 
bon was eliminated by placing thS filament in an atmosphere containing a volatile 
compound of tungsten, such as the oxychloride, and a small quantity of hydrogen. 
On heating the filament by an electric current, the carbon was replaced by tungsten. 

Another method consists in mixing metallic tungsten powder with an amalgam 
containing equal amounts of cadmium and mercury aud squirting the mixture through 
a die in the usual way. The cadmium and the mercury in the filament are volatilized 
by heating and the filament retains the usual brittleness, but after continued heating 
at higher temperatures the filamej:it becomes pliable and can be bent. Drawn fila- 
ments are now used, the drawing being made possible by hammering, heating, swag- 
ing, etc. Tungsten is also a constituent in the so-called “bninze i)owdpr8” employed 
for decorative purposes, and has also been used to a small extent in the fireproofing 
of cloth and other fabrics, as a mordant for siUc, and for coloring glass and porcelain. 

Analytical Methods for Tungsten. — ^Tungsten in ores can be determined 
quantitatively by the following method : The ore ground as finely as possible in 
an agate mortar is fused with from five to ton times its weight of sodium-potassium 
carbonates and extracted with hot water. If any gritty particles remain, another 
fusion is necessary. An equal volume of concentrated hydrochloric acid is 
added to the aqueous solution of the alkaline tungstate, and the whole evaporated 
to dryness, after which the silica is dehydrated by heating at 120®C. for an hour. 
The residue is moistened with hydrochloric acid, taken up with water and boiled; 
then filtered and washed with 5 per cent HCl or ammonium nitrate solution. 
The filtrate contains a small amount of tungsten, which is determined by heating 
the filtrate and the washings to boiling and adding 5 to 6 c.c. of a cinchonine solu- 
tion, made by dissolving 25 g. of cinchonine in 200 c.c. of 1 : 1 IIC'l. This is allowed 
to digest on a hot plate, while the other operations are being performed. 

The precipitated tungstic oxide is di«wlved in hot ammonia solution (Watt’s 
solution of 200 c.c. of strong ammonia, 1,000 c.c. of wafer, 10 c.c. of HCM), filtered into 
a platinum dish, the filtrate being washed with the ammonia solution and evaporated 
to dryness and ignited. The cinchonine precipitate is filtered and washed with hot 
dilute cinchonine solution (100 c.c. water to 5 to 6 e.e. of the above solution), dried, 
and ignited in the platinum dish with the tungstic oxide. A few drops of sulphuric 
acid and a little HF are added, and the SiO* driven off at a dull red heat. The tung- 
sten is weighed as WO*. Small quantities of impurities may be removed by treating 
the WOa with the ammonia solution, filtering, and again igniting. 

Ferrotungsten can be analyzed by the following method, which was used at the 
laboratories of the Tungsten Products Co. at Boulder, Colo. 
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The refined ferrottingsten, crushed and rolled to pass a ^-in. mesh screen^ goes 
to a machine which automatically mixes, samples, and sacks the product for shipment. 
Tiie sampler is of a type developed by this company, which cuts one-fifth of the total 
mix. This cut passes through the machine again after being rolled to approximately 
Ji-in. mesh. If the original mix is very large the operation is repeated to bring the 
weight of i he sample down to less than 500 lb. This final sample from the automatic 
is passed repeatedly through a riffle sampler until the last cut weighs 15 to 50 lb. 
This goes to the laboratory sampling department, wh(»re it is reduced in a steel mortar 
to pass a screen. The pounding necessary for this process is done by a 2-in. 

Ingersoll Rand piston drill set up vertically in a frame above the mortar and pestle 
in such a manner that it is used as an air hammer. The sample is thoroughly mixed 
and split twice, and one-quarter is then further reduced to pass a 10-mesh screen. 
This procedure of screening, mixing, and splitting is continued through a series of 
screens until the last portion passtis the 200-me^5h screen, giving the analyst about 
100 g. of finely powdered metal. The operation of reducing a 20-lb. sample received 
from the smelter to a 100-g. laboratory pulp of 200-mebh powder by this system 
requires about 1 hr. 

For the determination of tungsten, two 1-g. samples are mixed separately in nickel 
crucibles with about 5 g. of sodium peroxide and a cover of sodium carbonate. Fusion 
is done in an electric muffle at about 800°C., which requires 6 to 7 min. to make a 
perfect decomposition. C'Jool, leach out in water in covered 400-c.c. beakers. Re- 
move crucibles and acidify cai*efully with hydrochloric acid, using a moderate excess. 
Add about 2 c.c. nitric acid or IT2O2 to assist in dissolving any small fragments of 
nickel oxide scale and bring to a boil. Most of the tungsten separates as II2WO4 
and all iron and nickel salts are in solution. Add about 40 c.c. cinchonine solution, 
stir and let stand in a warm place for about 4 hr. or preferably overnight. This 
precipitates all the remaining tungsten as cinchonine tungstate, and it has proved to 
be just as effective a reagent for this purpose as quinine hydrochloride. Filter off the 
settled precipitate through a 15-cm. close-weave pajier arranged over a platinum cone 
and suction flask. Wash thoroughly with warm, dilute cinchonine wash water, 
using gentle suction. No trouble will be experienced due to the precipitate sticking 
to the beaker if a few drops of hydrofluoric acid are used. 

The washed precipitate is transferred to a shallow gold disli of known weight and 
ignited to WOj in the muffle. C^ool, moisten with 10 or 12 drops of hydrofluoric 
arid to remove any traces of SiO^ which might be carried dowm, dry, and ignite again. 
Weigh and calculate to W. The factor is 0 793. Duplicate determinations carried 
out in this way should check to within 0.10 per cent. The proportions used in the 
cinchonine solution are 50 g of cinchonine alkaloid dissolved in 2 1. of cold water 
containing 150 c.c. of hydrochloric acid; for the cinchonine wash water, 100 c c. of the 
above cinchonine solution and 50 c.c. of hydrochloric acid diluted to 1 1. with hot 
water and used from a bulb wash bottle is convenient. For the determination of 
carbon — ferrotungsten and tungsten metal ixiwder burn completely and readily in 
oxygen — ^and carbon is easily determiiic^d in any type of combustion train. In the 
laboratory mentioned they prefer to catch the OO2 in a Meyer bulb in 2 per cent 
barium hydrate solution, to filter, wash, and weigh the BaCOs. 

The usual fusion-oxidation methods of determining sulphur are all open to objec- 
tions when applied to a ferroalloy or other material whose sulphur content is below 
0.06 per cent. The blank is always high, due to traces of sulphates in fluxes and 
reagents used and the danger of picking up fumes or traces of sulphuric acid from the 
apparatus of a general laboratory. The sulphur content of ferrotungsten occurs as 
sulphides, which, in a finely ground sample, arc completely decomposed, >ielding HaS. 
This suggests at once the application of the method which has been used successfully 
for two years. Two to five grams of 200-mesh ferrotungsten or metal powder are 
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weighed into an evolution flask. Cover with 50 c.c. of water and add 26 c.c. of attong 
hydrochloric acid by way of the separatory funnel. Heat to boiling and boil for about 
10 min., catching the evolved gas, air, and steam in ammoniaoal cadmium chloride 
solution. The usual yellow precipitate of cadmium sulphide shows the presence of 
sulphides in the alloy. Wash the cadmium chloride solution from the bulbs, then cool, 
acidify with hydrochloric acid, and titrate at once against a weak iodine solution 
(1 c.c. - 0.0005 g. of sulphur), using starch as an indicator. The iodine solution is 
standardized by using a government standard steel of known .sulphur content, or by 
using a ferrotungsten of known sulphur content. Boiling with dilute hydrochloric 
acid does not dissolve the alloy, but does decompose the sulphides present, as may be 
shown by filtering off the contents of the evolution flask after the operation and exam- 
ining for sulphur by a fusion method or by a combustion method. 

The removal of phosphorus from the alkaline liquor after a fusion decomposition 
of ferrotungsten presents certain difficulties. Precipitation with magnesia mixtuni 
from dilute solutions is incomplete unless much time is allowed for this step, also 
precipitation from concentrated solutions either as magnesium-ammonium phosphate 
or as aluniinuin phosphate tends to drag down some tungstr^n, involving another 
step for its removal. To avoid these difficulties, the use of uranium acetate has been 
introduced at this stage. The precipitation is quantitative fnim moderately dilute 
solutions and no dragging down of tungsten occurs. Weigh a 1-g. sample into a nickel 
crucible containing fi to S g. of chemically pure Na202. Mix thoroughly and cover 
with about 1 g. of chemically pure Na2C08. Ignite in a muffle to complete fusion 
of tlie fluxes. Cool and leach out carefully with warm water m a 250-c.c. covered 
beakiT. Bemove the crucible and partly neutralize the NaOIl witli 25 c.c. of HCl 
(1-3) to permit fliteriiig without dilution. Stir and then allow the dense Fe(Oii)a to 
settle out while stiindiiig on a warm plate. Decant off 1 hrough a 12 bi-wn, qualitative 
paper into a 000-c.c. beaker. Wash the precipitate into the filter, allow it to drain 
thoroughly, tlien give it two good washes wuth hot water, stirring up the precipitate 
well with a fine jet. Beserve this precipitate of Fe(OH)i, which contains a small 
amount of phosiihorus, to add to the uranium precipitate obtained from the tungsten 
solution. 

Acidify the filtrate of sodium tungstate and sodium phosphate with acetic acid, 
using 30 c.c. of 40 per cent acetic. Add 2 c.c. of 5 per cent uranium acetate solution. 
Ihiil off all CO2. Make just alkaline with NII4OJI (1: 1). This will require ab«mt 
20 c.c. The precipitate is ammonium uranyl phosiihate. Add 2 c.c. more uranium 
acetate, which precipitates at once as uranium hydroxide and serves to drag down the 
last traces of phosphate, as wtII as to assist in filtering the ammonium uranyl phos- 
phate. Boil off any large cxce'ss of NH4OII. Filter through a qualitative paper and 
wash twice with hot water to remove tungsten. Place the precipitate in the same 
beaker together with the iron precipitate obtained above, add 30 c.c. water and 25 
c.c. stnmg nitric acid. Boil until both precipitates are in solution and the filters 
reduced to pulp. Filter into a 500-c.c. Erlenmnyer flask, washing the pulp once with 
hot water. Add 5 c.c. of 5 per cent KMn04 solution to acid filtrate. Boil to oxidize 
all phosphorus to H8PO4. Clear of Mn02 by adding 2 c.c. of H2O2 (1: 1). Boil to 
remove excess II2O2 and eool under the tap. Add 45 c.c. of NH4()H fir 1), which will 
nearly neutralize the nitric acid, then 50 c.c. of molybdate solution. Stopper the 
flask and shake for 5 min., and let stand at least 15 min. before filtering. Filter 
through a 9-cm. filter. Wash with arid ammonium sulphate wash solution to remove 
all nitromolybdate. Dissolve the yellow phosphomolylxiate in hot dilute ammonia 
water, which must be free from chlorides, into the same Erlenmeyer flask. Wash the 
paper well with alternate washes of ammonia water and hot water. When cool, 
acidify with 5 c.c. of H2SO4 (1:1) and pass through the reductor, following with a 
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thorough wash of cold water. Titrate agaiust standard KMn 04 solution to the same 
end point as used in determining the reductor blank. The iron value of the standard 
permanganate solution times 0.0163 equals the P value. The ammonium sulphate 
wash solution must be distinctly acid. A good formula is; H 2 SO 4 (1:1) 100 c.o.; 
NH^OH (1*1) 60 C.C.; water, 21. If convenient, it is well to allow the precipitate of 
yellow phosphomolybdate to stand about an hour after shaking for 2 min. A blank on 
all reagents, including a fusion of NasOs and NaaCOa, should be carried through with 
the determinations. It is sometimes desirable to add a measured quantity of dilute 
phosphate solution of known phosphorus content to the blank for close work. Checks 
should agree within 0.015 per cent P. 

MOLYBDENUM 

(Atomic weight =^96) 

Occurrence. — The chief commercial minerals of molybdenum are: molybde- 
nite (M 0 S 2 ); wulfenite (PbMo 04 ); and molybdite (Fe 203 3MoOa.7MH20). Of 
lesser importance are ilsemannite (possibly (MoO 8 .SO 3 . 5 H 2 O)); belonesite (MgMo- 
O 4 ); and powellite (CaMo 04 ). The first three are the only ones from which 
molybdenum is obtained commercially. Molybdenite contains 59.5 per cent 
molybdenum and 40.05 per cent sulphur. It is a soft, opaque, lead-gray mineral 
with metallic luster. It frequently occurs in flakes or scales resembling some 
micas as regards its cleavage. In hardness it ranges from 1 to 1 5, and readily 
leaves a mark on a paper of a bluish-gray color. Its specific gravity is from 4.7 to 
4.8. The mineral is widely distributed throughout the United States, especially 
in the West, and, whereas it is found in a large number of localities in small quanti- 
ties, there are also several large deFK)sits which are being worked commercially. 

The most important of these is at Climax, Colo., near Leadville. Here a large 
portion of a mountain is impregnated with the mineral, and, whereas the grade aver- 
ages less than 1 per cent M 082 , the amount of on? available is very large. Another 
large deposit is on Hed Mountain, near Empire, Colo., about 50 miles due west of 
Denver. There are two mills at Climax and one at Red Mountain. Smaller deposits 
of molybdenite are found in several places in the United States, especially in Arizona, 
New Mexico, Nevada, California, etc. Wulfenite contains theoretically 26. 15 per 
cent of molybdenum and 50.42 per cent of lead. It is a brittle, heavy, semitrans- 
parent mineral with resinous luster and is generally of a wax or orange-yellow color, 
although occasionally it is olive green, yellowish gray, or even brown Its hardness 
is 2.75 to 3, and its specific gravity is 6.7 to 7. It crystallizes in the tetragonal system, 
and the crystals are commonly square and tabular, and are sometimes very thin. 
Less frequently, they are octahedral or prismatic. Like molybdenite, wulfenite is 
widely distributed in the western states ;'probably the largest known deposit is at the 
Mammoth mine, Mammoth, Ariz., from which a very considerable tonnage of concen- 
trates has already been obtained. It is, however, found m numerous other places m 
Arizona, Nevada, and to some extent in New and Old Mexico. Molybdite is a hydrous 
ferric molybdate, lemon yellow to pale yellow m color, and occurs as an earthy powder, 
usually as incrustations. Molybdite is an alteration product of molybdenite, prob- 
ably formed by the interaction of molybdic acid and limonite, the molybdic acid being 
an oxidation product of the molybdenite. 

Molybdite, therefore, is frecpieiitly found associated with molybdenite, especially 
whew‘ the latter mineral has had a chance to weather. Molybdenum minerals ar<‘ 
found m notable quantities in several foreign countrie.s. Molybdenite is found 
in Queensland, New South Wales, Norway, and Canada, Only during the last 8 
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years (written 1023) has the United States produ<MKl coiicentratOB of tnolylxkiBlitIti 
minerals m commercial quantities. Up to that time practically all the world's 
production came from Queensland^ New South Wales, and Norway. 

Extraction from the Ores. — As ferromolybdenum, which is the chief use for 
molybdenum, can be made directly from molybdenite concentrates, it is not 
necessary to treat molybdenite chemically unless molybdic oxide or ammonium 
molybdate are required for chemical purposes. In such a case, the molybdenite 
may be roasted to oxide, treated with ammonia, which dissolves the molybdic 
oxide as ammonium molybdate, filtered, and evaporated to dryness, or to crys- 
tallization of the ammonium molybdate. On ignition the ammonia is driven off 
and may be recovered for further use. Doerner^ gives an oxidizing roast to a 
mixture of molybdenite and salt The presence of the sulphur in the charge, 
together with the oxidizing atmosphere which is maintained during the treat- 
ment, results in the liberation of free chlorine in two stages. In the first stage, 
the sulphur in the charge is converted by the oxidizing roast into sulphur dioxide, 
and, in the second stage, the sulphur dioxide together with additional oxygen 
reacts with the chloride to liberate chlorine. This reacts with the molybdenum, 
forming volatile compounds, either the chlorides, oxvchlorides, or mixtures. 
The chlorides gnd oxychlorides pass off to a condensing chamber and are decom- 
posed into molybdic oxide and hydrochloric acid bv the action of steam or water. 
In a later patent, chlorine gas is used m place of the salt. 

Wulfciiite is a more difficult metallurgical problem than molybdenite. This 
mineral neailv always carries small quantities of vanadinite, and the two cannot be 
separated mechanicallv. K’ssock first used a sodium carbonate fusmii method m a 
small blast furnace. The wulfenite, mix<Ki with sodium carbonate and coke, was 
strongly heated and the lead was obtained as metallic lead, while the molybdenum 
went into the slag m the form of sodium molybdate. This slag was used directly in 
the electric furnace for the making of f(‘rroinolybdenum, but the excess of sodium 
carbonate had very decided and deleteiious effects on the furnac.# linings. Holladay* 
prepares a sodium molybdate slag reasonably free fnmi lead and other impurities, 
then leaches the slag with watci, and adds dilute calcium chloride solution in the cold. 
This precipitates most of the impurities which are still present, while the molybdenum 
stays in solution. On filtering and boiling and adding excess calcium chloride, the 
molybdenum is precipitated as calcium molybdate which can be used for the prepara- 
tion of molybdic oxide, or can be used directly m the making of molybdenum steel. 
Conditions for the precipitation of calcium molybdaU' have boon studied carefully by 
Bonardi.* 

Concentration Methods. — Molybdenite can be concentrated readily by flota- 
tion methods. An ore carrrying less than 1 per cent can be concentrated to a 
product caiT 5 ring 60 or even 70 per cent molybdenite. Usually, mixtures of kero- 
sene and pme oil are used, although other oils giv^ satisfactory results on certain 
ores. Wulfenite can be concentrated by ordinary milling methods, using tables 
and slimers. The mineral crushes readily, but an ore carrying as little as 0.5 
per cent M 0 O 3 as wulfenite can be concentrated with a fair recovery. Vana- 
dinite, which is frequently associated with it, cannot be separated to form very 

1 U S patent 1299560 

s IT S patent 1281961 

* Chetn Met Eng , Sept 15, 1919 
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Hatinfactory products as the specific gravities of the two minerals are almost the 
same. ^ 

Metallic Molybdenum. — Metallic molybdenum may be prepared by reducing 
moJybdic oxide with aluminum powder or by heating the trioxide or one of the 
chlorides in a current of hydrogen. It may also be prepared by heating a mixture 
of molybdenum trioxide with one-tenth of its weight of sugar charcoal in an 
electric furnace in a carbon crucible. The pure metal is malleable and is not hard 
enough to scratch glass. It has a specific gravity of about 9 and can be forged 
when hot. It oxidizes readily at a dull red heat and is attacked by fused 
potassium chlorate, nitrate, etc. 

Ferromolybdenum. — The raw materials for ferromolybdenum may be either 
molybdenite, molybdic oxide, a sodium-molybdate slag, or calcium molybdate. 
The reducing agent is usually carbon, although*90 per cent silicon material ground 
to 60 mesh has been used. Lime and fluorspar are used as fluxes. The reaction 
that takes place with molybdenite is as follows: 

2 M 0 S 2 + 2CaO + 3C = 2Mo + 2CaS + 2CO + CS 2 
Reduction with silicon metal gives the following reaction: 

M 0 S 2 + Si = Mo -h SiSa 

According to Keeney for about 100 parts of molybdenite, 58 parts of lime are 
necessary for slagging the sulphur as calcium sulphide. The reaction works 
closely to the theoretical, and there is no difficulty in making a product with 
about 0.1 per cent sulphur and from 1>2 to 3 per cent carbon. With sodium 
molybdate slag, the reaction is as follows: 

Na 2 MoOi + 3C = Mo + 3CO + NaaO 

The reduction of sodium molybdate requires considerably more power than the 
reduction of the sulphide or oxide. The average power consumption is 7 to 7K 
kw.-hr. per pound of molybdenum produced. The recovery vanes from 78 to 80 
per cent with a loss of 10 per cent in the slag and 10 ])er cent mechanically by volatili- 
zation. F(‘rromolyhdenum conlaming SO per cent molybdiuium and under 1 per 
cent carbon cannot be regularly tapped from tlie electric furnace. 

Uses of Molybdenum. —The main use of molybdenum is in making molyb- 
denum steel. ITndoubtedly, the introduction of molybdenum into steel increases 
the elastic limit without diminishing its ductility. Molybdenum also may 
replace tungsten in high-speed steels. Up to recently, only from 0.5 to 2 per 
cent molybdenum was used, but recently the amount has been considerably 
increased. High-speed molybdenum steel can be welded with difiiculty and 
is quite brittle on forging. Magnetie.steel contains from 2}^ to 3 per cent molyb- 
denum and about 1 per cent carbon. A chromium-molybdenum steel has been 
used recently quite exteiivsively in connection with certain automobile parts, espe- 
cially whore resistance to heavy wear is required, such as in bearings, etc. Such 
a steel contains 0.2 to 0.6 per cent molybdenum. Ammonium molybdate is used ’ 
extensively in chemical laboratories. Some salts of molybdenum are also used 
for coloring glazes in porcelain and to some extent in coloring silks, leather, and 
rubber. 

A]ial3rtical Methods for Molybdenum. — The following is a revision by Doerner 
of the method of Ronardi and Barrett of the U. K. Bureau of Mines. Take a 

iRulI A l M K AiiffURt. lOlS, p 13.34 
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0 . 25 - to 5.0-g. sample of finely puveriaed ore, add 15 c.e* HNOa and heat until 
the brown fumes are gone. Carefully add 10 c.c. HCl and heat 20 min., or until 
decomposition is complete. If much lead is present, as in wulfenite, take to 
fumes with 10 c.c. H28O4, cool, dilute to 60 c.c , and heat to dissolve soluble sul- 
phates. Cool and filter off the lead. Add an excess of ammonia and 5 c.c. of 
magnesia mixture. If much calcium is present, add 5 g. of Na2C08. Boil 10 
mm. and filter, washing well ^ith hot water. If the precipitate is large, dissolve 
it in HCl and repeat the precipitation. 

In rare cases molybdenite is not dissolved by acids. Fusion with a NagOj and Nar 
OO 3 mixture is then necessary. The melt is dissolveti m water and filtered. The 
filtrate is satuiated with H 2 S and barely acidified with H(’l. Heat to boiling, filter, 
and wash with hot water. Dissolve the MoSi precipitate in 1 to IHNO* and take to 
fumes with 10 c.c. of HiS 04 . Coof, dilute, filter, and make alkaline with ammonia. 
The solution should be about 250 c c. m volume. Make acid wuth UCl, using methyl 
orange as an indicator, and add 5 c c in excess Add 5 to 10 g of sodium-ammoiiium 
acetate. The addition of 8 drops of IINOj is reconimendeil by Weiser.^ 

Titrate hot with lead acetate solution (about 18 g of crystallized salt per liter) 
until a test drop gives no color with a drop of tannic acid solution. For accurate 
work or to standaidize the solution, add 2 c c excess of lead acetate, heat 20 min , and 
filter, waslimg well with 2 per cent Nn 4 N()i solution Ignite the precipitate and filter 
in a fire-clay annealing cup m a muffle at dull-red heat. The weight of the PbM04 
precipitate tunes 0 2615 = Mo. 

1 J Phyn r/xm, ao (1910), 610 



CHAPTER XLI 

METALLURGY OF RADIUM AND URANIUM 

By Richard B. Moore^ 

As uraniiun is the “mother” of radium, the latter element in always associated 
with the former in its ores, and ores containing uranium are the only ones which 
carry radium. Therefore, the metallurgy of tfiese two elements is vitally con- 
nected, and must be described in the same chapter. 

Since the amount of radium in a radioactive ore is infinitesimal in comparison with 
the amounts of other metals in their ores, even the less common ones, the methods used 
are necessarily specialized, and are devised for the treatment of radium ores only. 
The recognition of this fact has added considerably to the efficiency of radium metal- 
lurgy, and has resulted in the ability to handle ores of a grade which could not have 
been handled in the early stages of the treatment of radium ores. When only 2 or 3 
mg. of radium element are contained in a ton of ore, it is obviously necessary to adapt 
the methods used to the properties of radium and its successful extraction rather than 
the other elements present. A satisfactory plant control is absolutely no{*eHsary in 
order successfully to treat low-grade ores, and such control is even more neces- 
sary when high-grade ores are used, on account of the possibility of the loss of high- 
grade material. 


RADIUM ORE DEPOSITS 

Commercial Ores. — Until recently the two principal commercial ores of 
radium have been ' pitchblende and carnotite. The former mineral has no 
definite composition, consisting of uranium oxides (U()3,IJ02) with small quantities 
of oxides of Pb, Ca, Fe, Bi, Mn, Cu, 8i, Al, and rare earths. Carnotite has a 
more definite composition, being a potassiurn-uranyl vanadate containing small 
quantities of barium and calcium. The formula K2O.2UO3.V2O5.3H2O expresses 
its composition fairly well, although not exactly. Of lesser importance are 
autunite, a hydrated calcium-uranium phosphate (Ca(U02)2(P04)2.8H20), and 
torbernite, a hydrated copper-uranium phosphate (Cu(U02)2(P04)2.8H20). 

The recent discovery of uranium ores.in the Belgian Congo has added to the list of 
radioactive ores of commercial importance. These include the new minerals curite 
(2PbC).6U0..4Ha0.); kasolite (3PbO.3UO33SiO2.4H2O), and soddite 12U08.6Si04.- 
14H2O. 

St. J oachimsthal . — The pitchblende deposit at St. Joachimsthal, Austria,* — 
is in mica schist mterbedded with lime schist and crystalline limestone. Toward 
the east and northeast the formation is gneiss. The gneiss was intruded by 
quartz porphyry subsequent to the deposition of the vein material. In the mica 

* Maniiftoi, the Dorr Co , New Yuik 

* Bei'k, Hiomikd, “Lehre vou (ii*u ErslaKf^rstaerteu." Sti eil , vol 1. pp 408-110, Rorntraeger, 
Berlin, 1900, *'The Nature of Ore Doposita." Traii'ilation hv W 11 Weed, Ist ed , vol 1, pp 284-287 
Eng and Mining Journal, Neu York and London. 1905 
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sclugt are fissures filled with volcanic material which cut the minemlised sane at 
vanous points and depths. The veins are usually 6 in. to 2 ft. wide, in" rare cases 
widening out to 3 ft. The mode of mineralization vanes greatly, the ores occurring 
in both stringers and pockets. They contain the following metals; silver, metallio 
and as argentite, polybasite, tetrahednte, etc.; nickel, as niokelin, ohloanthite, etc.; 
cobalt as smaltite, bismutosmaltite, etc ; bismuth, as metallic bismuth, bismite, etc.; 
arsenic, as metallic arsenic and arsenopvnte; and uranium, as pitchblende and other 
alteration products. Galeliite, zmc blende, pyrite, marcasitc, and copper occur in 
minor quantities. 

The mines at Joachimsthal have been worked since 1517. In 1645 the production 
of silver ores declined considerably, but since then the deposits have been mined for 
bismuth and cobalt. During the last thirty years the mmes have been worked for 
uranium. 

Saxony . — ^In the vicinity of Annaberg, on the Saxon side of the Erzgebiige, 1 he 
silver-cobalt veins resemble those at Joachimsthal. At Johanngeorgenstadt, the veins 
contain tin and silver-cobalt ores. Where dolomite spar is found, the silver-cobalt 
ores contain pitchblende, as at Annaberg. In the Gottessegeii mine the pitchblende 
occurs in the spar in pieces 2 to 3 in. in diameter. These mmes arc worked principally 
for bismuth ocher, but also for cobalt and nickel. In the cobalt -bismuth mmes of 
Schneeberg are found bismutite and various minerals of nickel, silver, and arsenic. 
There is also some pitchblende, uranoehnltite, uranospimtc, galoiute, zinc blende, etc 

Cornwall — Pitchblende has also been found in C’ornwull, England, m the tin 
region. As at Joachimsthal and Johanngeorgenstadt, the inuieral is found associated 
with nickel-cobalt veins, although only part of the veins are highly argentiferous 
Even though thesi veins are closelv connected with the tm veins, they appaixmtly are 
not of the same age as the latter, but belong to the same general penod of mineraliza- 
tion. According to Ussher, Barrow, and MacAllister, "The Geology of the 
Country Around Bodinm and St Austell,*’ Memoirs of the Geological Survey of 
P]ngland and Wales (1909), page 157, the most important uranium jiroducers were the 
South Terras mine the Carharrack, Dolcoath, Wheal Unity, Wheal Goiland, Wheal 
Lowell, and Trenwith The South Ten as mine is situated in tlie valley of the Fal, 
southwest of St Austell. The country rock is slate, intruded by gjeenstone and 
granite porphyry dikes. 

United States — Pitchblende has been found m the following localities in the United 
States: feldspar quarry, at Middletown, Conn , m large octahedrons; in Hall's quarry, 
at Glastonbury^ Branchvillc, Conn , in a pegmatite vein and usually embedded m 
albite; at Marietta, S. C ; in the Bannger Hill District, Llano County, Texas, in the 
Bald Mountain district, Black Hills, 8 D ; m Mitchell County, North Carolina, 
and m Gilpm County, Colorado. The latter distiict is the only one of commercial 
importance. 

All of the Gilpin County mines, with one exception, arc found on or near Quartz 
Hill, a few miles from Central City. There are five that have produ(»ed pitchblende 
in quantity the Kirk, Wood, German, Belcher, and Calhoun. The Kirk, Belcher, 
and German mines are close together on Quartz Hill, the Wood and tlie Calhoun 
being in the valley below. 

These mines, until recently, have been worked mainly for gold. In this district, 
gneiss and crystalline schist predominate, with intrusive andesitic dikes and occasion- 
ally acid granitic dikes The rock containing the pitchblende, galena, sphalerite, 
etc. is a fine-grained aphtic granite which probably onc<» contained an appreciable 
amount of biotite The ore deposits are of two general types, one rontaaiing pitch- 
blende with pyrite, splialente, galena, and sometimes marcasite; the other pvnte, 
chalcopyrite, spahlerite, and galena, with uoinc goUl and silver. Generally speaking, 



1342 


NON-FERROUS METALLURGY 


the two types are not associated^ so that the minor has a choice of mining either for 
pitchblende, or for gold. 

The Kirk mine has probably been the most important producer of the five, 
although reliable data on the output of pitchblende from this mine, up to a few years 
ago, have been difficult to obtain. During the period 1905-1917, about 20 tons of 
ore, with an average content of 35 per cent UsOg, and over 100 tons with a content of 3 
to 4 per cent UjOg, have been mined. The mine has been shut down for some time. 
More recent operations of the German and Belcher mines produced 120 tons of low- 
grade ore, averaging about 1 per cent U^Og, and 6 tons of high grade. Smaller quanti- 
ties of ore have been produced at various times from these mines and from the Wood 
and Calhoun, also the Joe Reynolds mine 5 miles west of Idaho Springs, Colo. 

Austredia. — Uranium ores arc found in certain localities in Austraha. One of 
these deposits is 80 miles east of Farina, a railroad station on the Great Northern line 
in South Australia, and lies between Moufit Painter and Mount Pitt. H. L. Y, 
Brown* states that the rocks of the district consist of coarse and fine feldspathic, 
siliceous, and micaceous granite, gneiss, quartzite, and mica schist 

Two of the prospect pits are on outcrops of iron oxide with cellular quartz and 
gossan, the whole having the appearance of an irregular lode. The uranium minerals, 
torbemite and aut unite, are disseminated through the ore, and are also crystallized 
on the walls of the fissures and cavities in it. Uranophane and gummite occur 
sparingly; fergusonite and some monazite are also present. Another uranium deposit 
lies southeast of the one just described, about 20 miles southeast of Clary, on the 
railroad line from Petersburg to Broken Hill, Houth Austraha The ore occurs as a 
yellow and greenish-yellow incrustation and powder on the faces, joints, and cavities 
of a lode, which consists of magnetite, titaniferous magnetite, etc , and quartz in 
association with black mica. 

Pcrriuqal — Autunite is found in commercial quantities in Portugal in the district 
between the towns of Guarda and Habugal An excellent description is given by 
Segaud and Huinery.® Apart Irom the uranium, the rocks of the region are much 
mineralized, showing deposits of galena, araenopyiite, chalcopyntc, tungsten, and 
cassiterite. 

Camotite Deposits of Colorado and Utah. — All of tlie deposits referred to 
above are important and have been developed as commercial sources of radium; 
in fact, until about fourteen years ago, they were the only sources from which 
radium ores were obtained. About 1910, the carnotite deposits of south western 
Colorado and eastern Utah began to receive attention. They were known as far 
back as 1881, but the composition of the ore was unknown until 1897. In 1899, 
an analysis showed that the ore not only contained uranium, but was a potassium 
uranyl vanadate. 

In 1900, a small plant was erected in the McIntyre district, south of the Paradox 
Valley, CJolorado, for the extraction and recovery of the uranium o.\ide from carnotite 
ore. Only moderate success was achieved, and the plant was shortly shut down 
Operations were also started by other concerns, notably the Western Refining Co. and 
the Dolores Refining Co.; these plants extracted uranium and vanadium only. None 
of these operations was of importance, and it was not until 1909 to 1910 that any 
interest was shown in the carnotite deposits as a source of radium. At that time, 
the ore was almost exclusively shipped abroad. 

^ **Oeourrcnce of Uranium Ore and Other Rare Minerals near Mount Painter, in the Flinders Range 
of South Australia,’* South Austraha, Mines Dept., 1911 

* Sbgavd ot Humbby, "Les Gisements d’Uramum du Portugal,” Ann tnmea, Momoires, Ser. 11 
(1913) 3, 111-118 
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In the £all of 1912, representatives of the U. S. Bureau of Mines made a thorough 
survey of the carnotite fields and annoui\ced* that the oarnotite deposits of Colorado 
and Utah constituted by far the largest known source of radium-bearing ores in the 
world. Developments since that time have proved this statement to be correct, as 
the larger part of the radium that has been produced in the world has been derived 
from American carnotite ore. 

The deposits are found mainly in Dolores, San Miguel, and Montrose counties, 
Colorado, and extend over* a belt about 60 miles long by 20 miles wide. The ore is also 
found to the west of the La Sal Mountains, in Utah, and along the San Rafael Swell, 
southwest of Green River, Utah. Small patches of ore are found scattered between 
these points and extend as far north as Meeker, Colo. 

The deposits are invariably pockets, many of which, however, are of considerable 
size. A few individual claims have produced as high as 5(X) tons of shipping ore, 
which, however, is exceptional. The orc^s found in a light-colored sandstone overlain 
in places with shale and conglomerate; according to Hillobraiid and Ransome, this is 
the McElmo formation. ^ 

Amount of Radium in Ore . — Most of the radium obtained at the present time, as 
has already been stated, is obtained from carnotite ore. The average commercial 
grade of this ore contains from 5 to 10 mg. of radium element per ton of ore. Some 
high-grade pitchblende ores may carry as much as 50 to 60 mg. of radium per ton, but 
this is unusual. Allowing for losses in extraction and recovery, it takes about 5,000 
to 6,000 tons of ore to give an ounce of radium element. Therefore, the metal- 
lurgical processes involved in the extraction of radium are entirely different from those 
connected with any other element. Two general steps must be earned out: first, to 
obtain a radium concentrate from the ore; and, second, the retreatment of this con- 
centrate in order to extract a high-grade product. The first step is necessarily carried 
out on a large scale, while the major part of the second step is done in the laboratory. 

Belgiari Congo. -Some interesting information concerning the radium ore in 
Katanga, Belgian Congo, has betm given by Mr. Sengier, of the Administrative 
Council of the Union Mini^re du Haut Katanga. The discovery of the first uranium 
mineral in Katanga dates prior to the war. The mineral was first found on Jan. 22, 
1913, in the course of prospecting in the Luiswishi mine. Little was^done with the 
discovery at the time, the occurrence of uranium ores being considered of minor inter- 
est to the large copper production going on. At that time, also, the demand for 
radium was extremely small, and no market had yet been developed. In 1020 and 
1921, journals in Belgium and other countries published a number of articles concern- 
ing the deposits, and this apparently was the first time the world in general knew any- 
thing of a possible supply of uranium minerals from the (.\)ngo. 

In 1914, owing to the war, and to the pressure on the allied governments, the 
Union Mini^re concentrated all its efforts on the production of copper, and it was not 
until after the armistice that the available personnel was returned to the work, and 
the interrupted researches on uranium minerals were seriously resumed. These 
researches were accelerated by a second discovery of uranium ore on Apr. 10, 1915, 
by Mr Sharp, in another deposit of the Union Mini^re, called Chinkolobwe (Kosolo) 
in the course of development work. 

The first analysis of this mineral was made in Elizabeth Ville by Mr. Roger, director 
of the metallurgical work. It was not possible to do anything serious with the 
deposit until 1921. 

On Mar. 31 of that year the company had in its possession the first complete 
analysis of the ore. The examination and research on the ore were turned over to 

» Moorb, Richard B and Kithil. Karl L . “A Prehminary RepoH on Uratimm, Radium and Vana- 
dium," U S Bureau of Mines Bull 70, 1013 

* Hillbiirand, W F ahd Ranbomb, F L , "On Carnotite and Associated Vanadiferoug Minerals in 
Western Colorado," H S Geol Survey Bull 2G2 (1905), 11. 
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Profostsor Sohoep, of tho University of Ghent, who was furnished with samples from 
Chit^olobwe This deposit is of vein origin. Its mineralization is related to a tec- 
tonic movement, which produced considerable folding, some lateral displacements, and 
some fractures. One dike was observed in the immediate vicinity of the veins. The 
course of the veins is extremely irregular and in a direction which follows the dip. 
Of moderate thickness, they represent a series of small enlargements, diminishing in 
certain places to mere fractures. ^ 

Up to the present time several fragments of veins have been examined without 
it being possible to define the relation which exists between them The veins are 
filled with uranium minerals of varying character. The mineral is separated from the 
enclosing rock by a small thickness of clay Where the thickness of the veins is great- 
est, the primary mineral pitchblende is found m the central part. The exterior part 
is generally composed of torbernite (a phosphate of copper and uranium). The 
enclosing rocks are sedimentary, and present the special metamorphism of the copper 
deposits. 

The deposit of Chinkolobwe is situated in a belt containing many outcropping 
minerals, with copper and cobalt. The varied nature of the deposit, the irregular 
course presented by the veins, which branch considerably in certain places, and 
disappear entirely in others, render it difficult to estimate the importance of the dis- 
covery by ordinary prospecting methods. 

The radioactive minerals of the Congo are considerably different from those found 
in other countries, such as carnotite in Colorado, autunite in Portugal, and betafite 
in Madagascar. 

In Katanga, the principal ores are related to pitchblende, and the minerals closely 
allied to pitchblende Those actually found are pitchblende, torbernite, a uranate 
of lead, to which the name “cunte’^ has been given, and a silicouranate of lead, which 
has been called “kasolite The four minerals are found m the deposit in varying 
proportions, and with extremely varied uranium oxide content. They are, in com- 
parison with uranium minerals in other countries, exceptionally rich 

The question of whether the mineral should be treatefl in Africa or in Europe had 
full consideration, and on account of the high-grade character of the ores, it was found 
possible to ship the ore to Belgium, the cost of transportation of the raw material being 
negligible in comparison to the loss of radium that pmbably would have resulted had 
the ore been treated in the middle of Africa The process of treatment was assigned 
to the General Metallurgical Society of Hoboken, in which the Union Mini^re has 
an important interest. 

Madagascar. —Efforts are being made by the French to develop the deposits in 
Madagascar in the Ankaratra district. It is reported that 9 tons of uranium oxide 
were exported two years ago to France, and it is expected that this amount will be 
increased each year. 

Very little detail has been given out concerning the operations in Madagascar, and 
how extensive the deposits are, But they would appear to be at the present time rela- 
tively unimportant. 

Russia . — The Russian Soviet government has been interested in the Russian 
radium deposits. One of these deposits is in Siberia, and the other in Turkestan. 
The minerals are somewhat different from those found in other countries. In Siberia, 
near Sludjanka, in Transbaikalia, there is an ore which has been called mendelejevite, 
first described by Professor Vernadsky, which belongs to the betafite group. In 
Tjaja Mujun (Prialaj Mountains) in Ferghana, Turkestan, the uranium mineral has 
been called tjujamunit. This was first described by Nenadkevic. The mendele- 
jevito ore does not appear to exist in any appreciable quantity. The Ferghana 
deposits appear to have greater possibilities for production. The ores here were first 
described by Professor Antipof and Mr. Karfov. Professor Antipof gave a mineral- 
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ogioai deseri|itioii.of theiUf and described the ore as ferghanite-^ utanyl vanadate^ 
coQtaining lithium, which, however, was not afterwards found on further investigation. 

During the years 1907-1910, a considerable amount of ore was minedi but ^ pro- 
duction has been carried on since 1911 by the owners, who are the Ferghana-Metal- 
lurgical Company of Petrograd. Previous to the war this company had made 
contracts with German capitalists, but no ore had been delivered. 

Professor Vernadsky believes that the tjujamiinit ore is not the most important 
of those present, but another more complex vanadate of uranium, calcium and copper 
represents the majority of the deposit. In addition, this ore contains traces of 
Ba, Sr, Th, As, Bi, and Pb, and it is through the decomposition of this ore that 
tjujamunit and probably ferghanite arc produced. The ore is found in Palaeosoio 
limestones, and forms irregular nests in connection with old dislocations and faults and 
the mine is near one of these faults. There are no massive rocks in the ucighl>orhood. 
The deposit has many similarities to thes)th!cr localities containing uranyl vanadate, 
such as Colorado and Utah. 

In 1916, all of the radioactive ores produced up to that time wore taken over by 
the Russian government, and the latter began the extraction of radium for military 
and scientific purposes. The revolution, however, changed all plans, Ihe ores and 
radium residues being transferred from Petrograd to the l^ral Mountains, and from 
there to Tihija Sody on the Kama, where in 1921 an installation for the extraction of 
radium was completed. This work is now going on, and the method used is one which 
has been developed by Prof. V. ('^hlopine. 

Canada . — Some low-grade pitchblende ores have been found in southern Canada 
in two or three locations. H. V. Ellswtjrth, who has made a report on these deposits, 
states that the pegmatites of the province undoubt(*dly contain in th(» aggregate a 
considerable amount of radium and thorium minerals, but these occur in a widely 
disseminated condition. Low-grade ore containing 1 or 2 lb. of uranium oxide to the 
ton, he states, might, under certain conditions, prove workable, the tailings con- 
stituting a refined ground feldspar product that would b(* a by-i)roduct obtainable 
probably at a small extra expense. The application of a concentration pmcess would 
remove not only the radium minerals, but also various impurities, such as magnetite, 
ilmenitc, pyrite, and tourmaline, thus improving the quality of the feldspar, Such a 
program might be successful after the American cariiotite deposits have been worked 
out, if it were not for the new Belgian deposits in Africa. There is, however, at the 
present time, no prospect of such a program being carried out successfully. 


METALLURGICAL TREATMENT OF PITCHBLENDE 

Metallurgical Treatment. — Pitchblende was the first ore treated for the 
extraction of radium. This was done by Madame Curie, who obtained her 
ore through the Austrian government, from the St. Joachimsthal deposits. The 
original method was to fuse the ore with sodium sulphate. This converted 
the uranium into sodium uranaXe. On washing with water the excess sodium 
sulphate and other soluble products were separated, leaving the sodium uranate in 
the residue with most of the other heavy metals, silica, etc. The residue was 
then treated with dilute sulphuric acid, which dissolved the sodium uranate and 
some heavy metals, leaving a residue which consisted very largely of silica, 
alumina, etc. The radium remained in this residue as radium sulphate. The 
acid solution carrying the uranium was treated for the recovery of this clement, 
while the residue carrying the radium was l)oiled with a solution of sodium 
carbonate. This treatment converted a portion of the radium sulphate into 
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radium carbonate and sodium sulphate. The insoluble product was thoroughly 
washed free from sodium sulphate, and the residue treated with dilute hydro- 
chloric acid. This dissolved the radium carbonate. The process of the boiling 
with sodium carbonate was repeated several times until all the radium sulphate 
was converted into radium carbonate and finally into radium chloride by solution 
in the hydrochloric acid. The mixed liquors were then added together and a 
small amount of barium chloride and sodium sulphate added in order to precipi- 
tate in the solution a definite amount of barium sulphate. The liquor was kept 
thoroughly agitated during the precipitation and practically all of the radium was 
precipitated with the barium sulphate. This product constituted a high-grade 
radium concentrate, and was refined by methods which will be described later. 
In many ways still better results can be obtained by fusing the original pro with 
sodium carbonate instead of with sodium* sulphate. After thoroughly washing, 
the residue, consisting of metallic carbonates and hydroxides, is dissolved in dilute 
chemically pure hydrochloric acid, and from this a high-grade radium-barium 
sulphate can be directly precipitated. 

If the ore is high grade and largely free from pyrites, it can be treated directly with 
concentrated sulphuric acid. Kadium sulphate is moderately soluble in hot con- 
centrated sulphuric acid, and, on diluting to a concentration of less than 10 per cent 
free acid, the radium is precipitated as sulphate along with any barium and traces of 
calcium that may be present. This represents a crude concentrate which can be 
further refined. The American pitchblende ores cannot be handled in this manner 
because they contain a considerable amount of pyrites. The pyrite crystals have 
small particles of pitchblende embedded in them, and, as the pyrite is not soluble in 
concentrated sulphuric acid, the radium recovery is poor. For the same reason fusion 
with sodium sulphate or acid sodium sulphate gives also a poor recovery. If a hot 
sulphuric acid treatment is given, in order to make the process sufficiently cheap, it is 
necessary to recover the sulphuric acid by reconcentration after the separation of the 
radium, and this involves some difficulties, as other substances b(\sides radium are 
dissolved from^the ore. The American pitchblende ore i.s best treated by fusion with 
sodium carbonate or by the method used by the IT. S. Bureau of Min<‘s, namely, 
lioiling the 01*0 ivith strong nitric acid until all the pyrite is decomposed, diluting, 
filtering, and then treating the insoluble residue containing the radium with boiling 
concentrated sulphuric acid in the manner described above. 

The method used at the present time by the Austrian government at its plant at 
St. Joachimsthal is as follows: 

The ore as taken from the mine is concentrated and delivered to the radium plant 
at an average grade of about 60 per cent IlgOs. Lots of about GO lb. of the concen- 
trate are treated separately by grinding the ore, mixing it with sodium carbonate and 
sodium nitrate, and roasting in small furnaces. During this roasting process, the 
sulphur and arsenic are oxidized, and the residue is treated with hot );vater in order to 
extract the soluble salts. The residue left behind is treated in wooden tanks with 
dilute sulphuric acid containing a small amount of nitric acid in order to dissolve out 
the uranium, iron, etc. 

The residue from this treatment is boiled with sodium carbonate in order to con- 
vert the radium present into a carbonate, and, after thoroughly washing, the radiiun 
is dissolved out by tn^ating with c.p. hydrochloric acid in the usual manner, which will 
be described in greater detail later. Sometimes a caustic soda treatment is given pre- 
vious to boiling with the sodium carbonate solution in order to eliminate some of the 
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Cttmotite Treatment — The different methods of treating camotite ore to 
obtain a concentrate may be classed under four general heads; (1) an alkaline 
leach followed by an acid leach ; (2) fusing the ore with some material that will 
disintegrate it, and make the extraction of the valuable contents possible; (3) 
an acid leach; (4) a preliminary treatment followed by sliming which makes a 
radium concentrate from four to ten times as rich as the original ore. 

Alkaline-leach Methods. — It ib probable that some of the early experimental 
work on extracting radium from camotite ore involved boiling the ore witli a 
solution of sodium carbonate, thus getting rid of the uranium and vanadium, 
which go into solution. Since radium has properties similar to those of barium, 
any radium in the ore would be converted into radium carbonate, and, on treat- 
ing the residue with dilute chemically pure hydrochloric acid, the radium would be 
dissolved with any other acid-soluble ^oducts. 

The radium concentrate always obtained is radium-barium sulphate. By adding 
barium chloride and sulphuric acid, or sodium sulphate, te tho slightly acid solution 
carrying the radium, barium sulphate is formed in the solution and drags down 
radium sulphate with it. The radium is almost always precipitated in this manner 
in a liquor sufiieient in volume to hold it actually in solution. Undoubtedly, adsorp- 
tion has something to do with the precipitation of the radium along with the barium 
sulphate, but this does not fully explain the small losses that uceompany such prt^cipi- 
tation. The term “pseudoisotopy” has been given to this property by Dr. 8. 0. 
Lind. ^ 

The general principles outlined above are included in tlie Hitynes-Kngl<‘ pro(*efls, 
which involves boiling the ore with an alkaline carbonate solution (U. H. pat , 808,839). 
The object of this pn3coss was to rt*cover uranium and vanadium only, and did not 
attempt to obtain the radium in any form. A patent taken out liy Warren F. lUeeker 
involved the extra step which the ilaynes-Engle process did not cover, namely, the 
leaching of the residues with liydrvichloric acid in order to obtain the radium in solution, 
after the oit had been boiled with an alkaline-carbonate solution. 

The alkaline-lcuch inetliod has many advaiitages and some disad vantages. It 
separates the uraniuin and vanadium from the or«‘ during the first stage of the pioeess. 
It eliminates sulphates by converting the m(*tallie 8ul]ihat<‘a in the ore into inetallie 
carbonates and soluble sulphates, which go into the filtrate with the uranium and 
vanadium. The radium, tlicrefore, is left l^ehind in the n'sidue as carbonate, prac- 
tically free from sulphates. This prevents the reprecipitation of the radium as sul- 
phate, on treating with acid, until after the acid solution is filtered from the tailings. 
On tho other hand, it has the following disadvantages: it converts some of the silica 
in the ore into sodium silicate, which makes filtration very difficult — in fact, most of 
the filtering and washing has to bf done by decantation. It is difficult to treat con- 
centrates by this process, as these arc almost invariably of very fine mesh, which 
adds to the filtration difficulties. The treatment with alkaline carbonate converts 
much of the iron and a good part of the alurniiiuin in the ore into an acid-soluble form, 
so that the acid consumption is high. The method, howevoj, can be used with success 
for the treatment of certain uranium ores, particularly camotite, autunite, and 
torbemite. 

One firm which uses the alkaline-leach method heats the ore under pressure in an 
autoclave. This is described in the patent of W. F. Bleecker.* It covers the separa- 

» Lind, S C , Undbrwood, J E and Whittemobe, C. F , “The Solubility of Pure Radium Sulphate/' 
J Am Chem Soc 40 (March, 1918), 466-472. ^ 

i 1438357, Dec 12, 1022. 
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turn of vanadiuin, radium, uranium, and other compounds from various orm. The 
pn)ress consists, first, of grinding the ore to about 20 mesh, adding 50 per cent its 
weight of sodium carbonate, and treating the paste so formed in an autoclave at a 
pressure of about 90 lb. at 150®C. The resulting liquors contain the sulphate obtained 
by the decomposition of barium and radium sulphate as well as uranium and vanadium 
compounds. These are at first filtered off and evaporated in some suitable manner. 
The barium-radium compounds are then dissolved from the residue by means of sul- 
phate-free hydrochloric acid. If caustic soda is added the sodium carbonate with 
which the ore is treated, the uranium will remain with the residue and the vanadium 
only will be dissolved as sodium vanadate. Under such conditions, the uranium 
would be dissolved with the iron, radium, etc., on treating the residue with hydro- 
chloric acid. R. B. Moore and W. F. Bleeker hold patents covering this treatment. 

Fusion Methods. — A treatment sonjewhat similar to the Austrian method 
for treating pitchblende is given to the ores from Clary, South Australia, by 
the Radcliffe process. The main uranium mineral is carnotite, but this is associ- 
ated with considerable quantities of ilsemannite and other rare-earth minerals 
that are not found in American carnotite. The concentrates are mixed with 
three times their weight of salt cake, and fused in a reverberatory furnace; the 
fused product is then crushed and agitated in wooden vats, with water. By 
suitable adjustments it is possible to separate on the bottom of the vats a con- 
siderable amount of comparatively coarse material that is almost free from radium 
and uranium. The turbid overflow carries in suspension the radium, lead, 
and barium, as sulphates, together with a considerable amount of finely divided 
silica. The overflow is pumped to large lead-lined tanks and allowed to stand all 
night. This is nothing but a sliming process and has the advantage that the 
radium in the form of sulphate always remains with the fine material. The 
slimes settle completely in 12 hr. and are collected periodically and treated for 
the recovery of radium. 

The process of Schlundt, which has been used by one company in the United States 
in connectioft with carnotite, is very similar to the Radcliffe process. The ore is 
fused with acid sodium sulphate, leached and washed with water to extract the ura- 
nium, vanadium, and other soluble products, and the residue is slimed in order to obtain 
a crude concentration of the radium, which stays with the fine material. 

The U. S. Bureau of Mines has found that if a radium-banum sulphate high in 
silica is fused with caustic soda containing a small quantity of sodium carbonate, 
the silica can be easily washed out as sodium silicate, while the barium and radium 
remain behind as radium-barium carbonates, which can be readily dissolved in hydro- 
chloric acid. Usually the commercial caustic soda contains enough carbonate with- 
out the addition of any extra aipount. This method has been applied commercially 
to the treatment of cnide concentrates, such as are obtained by the Schlundt process. 

One firm at one time used a sodium carbonate fusion. The ore was fused with 
soda ash, usually about two and one-half times the weight of the ore being required. 
This was done in a reverberatory furnace, lined with magnesite brick, and the fused 
mass was run directly into vats, in which it was leached. The silica was thus converted 
into sodium silicate and so passed into solution, together with the uranium and vana- 
dium. The iron, calcium, barium, radium, etc , remained as the insoluble residue, 
which was washed in filter presses. The material was then treated with dilute 
sulphate-free hydrochloric acid, which dissolved the carbonates, and the radium and 
barium were precipitated by the addition of the requisite amount of sulphuric acid, or 
sodium sulphate. The whole was allowed to stand in settling tanks and the clear 
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liquid WAS drawn off, leaving the baiium-iadium sulphates mixed with a eousiderable 
amount of silica and other impurities, as a dudge at the bottom of the tank. This 
was taken out without previous filtration, and dried, forming a crude radium-barium 
sulphate which was then refined. 

The main advantages of this method are that it will treat an ore containing 
considerable quantities of sulphates, as the process removes the sulphates as soluble 
sodium sulphate in a manner similar to the alkaline-loach method. In addition, it is 
applicable to the treatments! concentrates, as fineness of material is really an advan- 
tage instead of a disadvantage, as it does not involve any “sliming.'* The main 
disadvantage is the cost, both for the chemicals and the labor required. The con- 
centrate obtained is also low grade, involving additional refining costs. 

Acid-leach Methods. — ^Leaching with hydrochloric acid gives an excellent 
extraction, provided the ore is comparatively free from suli)hates. As a consid- 
erable proportion of such ores contain traces of gypsum, it is a method which must 
be used on selected ores. A hydrochloric acid leach has been used successfully 
on Cornish pitchblende, which is practically free from pyrite, but is not applicable 
in any way to American pitchblende, which contains considerable quantities of 
pyrite. It has also been used on Portuguese autunite and a low-grade sulphide 
ore from Portugal. In general, the hydrochloric method has a limited use. 

Leaching with nitric acid has been used more successfully. This is the 
method originated by the U. S. Bureau of Mines, and was used in the plant of the 
National Radium Institute several years ago in Denver, Colo., under a cooperative 
agreement between the Institute and the Bureau of Mines. As is generally known, 
barium sulphate is much more 8olu>)le in nitric acid than in hydrochloric acid, espe- 
cially when the nitric acid is concentrated and hot. For this reason, ores containing 
sulphates can be treated by a nitrio acid leach, and the method has been successfully 
applied to ores carrying as much as 1 per cent of gypsum. On ores carrying small 
quantities of sulphates the extraction obtained is very high, frequently going, on a 
commercial scale, to and even to 95 per cent of the radium present. Boiling, 40 
per cent nitric acid is used, and filtration is obtained on either a vacuum or a pressure 
filter. In the early stages of the work, a vacuum filter was used, and this was found 
to be satisfactory as long as the product treated was not finer than .30 or 40 mesh. 
Under such conditions the ore could be filtered sufficiently rapidly before the acid 
cooled to the point where some radium was reprecipitated. Later on, pressure filters 
were used in order to be able to treat camotite concentrates, which usually were — 150 
mesh in size, and even —200. After treating with a hot acid, the whole mass was 
pumped into the pressure filter, the lid quickly placed in ^msition, and a pressure of 
about 100 to 120 lb. used. Even on fine material filtration was fairly rapid, but as 
good an extraction was never made on the concentrates as on the original ore, partly 
due to the fact that the amount of sulphate in the concentrafe was usually higher than 
in the ore, as traces of gypsum would usually go into the c»oncentrato. ^ 

After filtering, the liquor containing the radium, uranium, iron, calcium, etc., 
dissolved from the ore was run into a large wooden tank and diluted. Caustic soda 
was then added while the liquor was being stored until a very small permanent 
precipitate was formed in the solution. This reduced the acidity to a point where the 
radium-barium sulphate could be precipitated successfully, with a recovery of practi- 
cally aU of the radium. About 2 lb. of barium chloride per ton of ore treated was then 
added, and sulphuric acid in excess poured into the solution. Agitation was continued 
for 2 or 3 hr. by means of a revolving stirrer, at the end of which time the Uquor, 
including the precipitate, was pumped into a settling tank, in which it rjmiained for 4H 
hr. The clear liquor was then siphoned off into a hot solution of sodium carbonate, 
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there being sufficient excess of carbonate to dissolve the uranium and vanadium and 
to precipitate the iron and calcium. After filtering, the mother liquor was run into 
another tank « and caustic soda was added in sufficient quantity to precipitate the 
uranium as sodium uranate. The filtrate from the sodium uranate was then just 
neutralized with nitric acid, and ferrous sulphate was added in sufficient quantity to 
precipitate the vanadium as iron vanadate. The grade of the vanadate can be con- 
trolled by the final acidity of the solution. If the solution were faintly alkaline, the 
iron vanadate would be sometimes under 30 per cent V206.j If, however, the solution 
were made faintly acid the grade could sometimes he raised to 42 or 43 per cent VaO^. 
The sodium uranate usually contains considerable traces of vanadium. This could be 
removed, however, by sintering with a mixture of salt containing a small amount of 
powdered charcoal at a temperature of about 800°C. Under these conditions the 
uranium was converted into UO 2 , and on leaching with water the excess of salt and the 
vanadium as sodium vanadate were leached out, and the uranium remained as a high- 
grade oxide. 

The filtrate from the iron vanadate contained the acid almost entirely as sodium 
nitrate with traces of sodium sulphate. The sodium nitrate was obtained by evapora- 
tion and crystallization, and was used over again for the manufacture of nitric acid. 
The average losses of nitric acid were about 16 per cent, so that 85 per cent of the acid 
used was recovered as sodium nitrate. This actually reduced the cost of the nitric 
acid below that of hydrochloric, and this, together with the high extraction of 
the radium obtained, was largely responsible for the low cost of the recovered radium 
and the success of the method. 

The process cannot treat successfully ores carrying as large quantities of gypsum 
as can be treated by some of the other methods, such as the sodium carbonate fusion, 
but it is applicable to a large percentage of the carnotite ore produced. 

Sliming Methods. — Some form of treatment of the ore, followed by sliming, 
has come into favor recently. The original treatment can consist of either a 
hydrochloric acid leach, a sulphuric acid leach, or a leach with a mixture of the 
two acids. A fairly detailed account of such a method has been given by H. D. 
d’Aguiar.^ The ore is ground by means of llardinge or other suitable ball mills 
to pass ()0 m^sh, and after careful analysis the ore is sent to the dissolving tanks. 
These tanks are acidproof and good service is given by tanks constructed of acid- 
proof brick. The tanks are shallow and about 60 sq. ft. in area. The ore is spread 
in a layer from 4 to 6 in. deep on the bottom of the tanks, and is then wet down 
carefully with water or weak vanadium-uranium liquor from previous extractions. 

So prepared, the ore is ready for the extraction of the uranium, vanadium, and 
radium. This is accomplished by treating the ore with the amount of hydrochloric 
acid necessary to dissolve all values as computed from the chemical analysis, and the 
number of pounds of ore placed ip the tank. During the addition of the hydrochloric 
acid the ore is continually turned and agitated so that the acid may act evenly on the 
entire mass. Sulphuric acid is then added in sufficient quantity to precipitate all 
barium and calcium. Water or more weak vanadium liquor from previous extractions 
is then added. The stirring is continued throughout the entire operation. The 
liquor, which now contains the uranium and vanadium in solution and the barium- 
radium sulphate in suspension, is removed by decantation through an opening m the 
side of the tank at a height flush with the top of the bed of sand tails. The bed of 
sand remaining in the tank is washed with water or more weak vanadium liquor, and 
is again stirred to remove any sulphates. The liquor first decanted and the first 
wash waters go to a storage tank, while the succeeding wash waters, being weaker in 

1 Chem Met Eng , 825. 
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radium values, go to a second storage tank* These weak liquois are used for first 
washes on new lots of ore, the sulphates accumulating in this tank being periodically 
cleaned up and combmed with other lots of sulphates. 

The sand tails are carefully sampled before being conveyed to the dump and a 
sample is sent to the electroscopic laboratory for analysis. The tails should show 
little or no activity. An activity equivalent to 0 05 per cent uranium oxide should 
be the maximum permissible, the determination being made immediately after drying 
and cooling • 

FxUenng , — The liquor and the sulphates in the first storage tank are siphoned 
or pumped to a wooden frame hlter press equipped with duriron pumps. The 
vanadium-uranium liquor passing through as filtrate is puinpcnl to storage tanks. 
The first wash waters from this opeiation are also pumped to this tank, while the 
remaining part of the wash water which shows vanadium is pumped to the storage 
tanks containing the last washes from &ie sand tails. 

When the press cake has been washed, the press is stripped and the cake sampled 
and weighed One portion of the sample is sent to the analytical laboratory for 
determination of moisture and barium sulphate The other portion goes to the elec- 
troscopic laboratory, where the radium content is determined by means of the emana- 
tion electroscope 

These ciude sulphates are transferred to pressure kettles, where water and a cal- 
culated excess of sodium carbonate are added, and the mass is ^‘cooked" under steam 
pressure until the barium sulphate together with the radium sulphate, which always 
follows barium, is convex ted to the carbonate with the formation of an equivalent 
amount of sodium sulphate 

The contents ol the piessure kettles are then pumped thnjugh iron-fiamc filter 
presses The sodium-sulphate liquor, containing the ex( ess unchanged sodium car- 
bonate, is run to the sewer llo’ /ever, a careful check is kept on this liquor by sam- 
pling frequently and having the samples analyzed to make sure that it contains no 
ladium A very minute activity is sometimes found, but as a rule those litpiors con- 
tain no radium 

The flames and cloths used on the filter presses are carefully inspected to make 
sure that they fit porft ctly, and that the cloths are free from thin spots («* hoicks Any 
leakage would be the cause of losing radiuiii-beanng iimtenal of considerable activity. 
The radium-banum carbonate so obtamed is stripped from the presses, sampled, and 
weighed. One-half of the sample is semt to the analytical laboratory for tlie deder- 
inination of barium and moisture, while the otlicT half goes to the electroscopic 
lab(»ratory for the determination of radium content by the emanation method 

The banum-radium carbonate so obtamed is dissolved in a tank with dilute, 
sulphate-fiee hydrochloric acid. This acid chloride solution, together with the 
insoluble matter, is pumped through a wooden-frame filter press. The filtrate, 
together with the first wash waters, is nin to a storage tank, while the later, weaker, 
wash water u> run to a second storage tank. The press cake, w hioh is chiefly gelat- 
inous silica, requires thorough washing to remove all possible soluble values. This 
cake is never washed free from radium values, so when the activity has been reduced 
to the minimum compatible with economical working of the plant, the cake is strippc^d, 
and when a sufficient quantity has accumulated the whole lot is reworked separately. 

The chlonde liquor in the first tank is treated with sulphuric acid to pre< ipitate 
the banum-radium chloride present as the sulphate Samples of the liquor are tested 
from time to time dunng the precipitation to insure an excess of sulphuric acid. 

Treating with Wa^h Waters . — At this time an excess of sulphuric acid is 
added to the second tank containing the wash waters. The small amounts of 
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Hulphatet. so precipitated are allowed to settle to tiie bottom of the tank. The 
bulk of the supernatant liquor is then decanted through a filter press having 
wooden frames. When a li(}uor has been drawn down close to the sulphates, 
they are stirred up and thus transferred to the press. The sulphates in the main 
tank are not allowed to settle, but pumping is commenced as soon as sulphation 
IS completed. The filtrate and washings may be discarded. The sulphate 
cake when washed free from acid is stripped, sampled, and weighed. Barium 
sulphate and moisture are determined in the analytical laboratory, and thexadium 
content in the electroscopic laboratory by the emanation method.^ 

These second sulphates are transferred to the pressure kettles, mixed with a cal- 
culated excess of sodium carbonate, and converted to carbonate by heating with 
-iteam under pressure in the same manner as before. When the conversion has been 
completed, steam is shut off and the carbonates and liquor are pumped through an 
•ron-frame filter press and washed with water until the washings are free from alkali. 
The washings are tested from time to time by the electroscopic laboratory to make 
certain that they are free from radium. When the wash water runs free from alkali, 
the carbonate cake is stripped, sampled, and weighed. The radium content is deter- 
mined by the electniscopic laboratory, and the barium carbonate and moisture by the 
analytical laboratory. 

If the foregoing operations have been properly conducted, the second carbonates 
will be of sufficient purity, of high activity, and suitable for delivery to the crystal- 
lizing laboratory. 

Recovery of Vanadium and Uranium , — The vanadium-uranium liquors in 
the storage tankwS, from which the sulphates have been removed, are allowed 
to collect until the tanks arc nearly full. Sodium carbonate is added, until the 
liquid is but slightly acid, then sodium nitrite is added, and the 
tank is heated to boiling by steam. If the liquid is but slightly acid at this time, 
vanadium oxide, carrying some iron and uranium, and considerable amounts of 
soda salts, will be precipitated. The precipitation is never complete, but if the 
acidity is ^^hecked by volumetric control tests during the process a good 
recovery is obtained. The precipitate will be granular in character, and will 
filter readily. When the reaction has been completed, the vanadium oxide is 
separated by filter pressing. The cake is analyzed for moisture and vanadium 
oxide. A comparison of the vanadium oxide so precipitated with the amount in 
the ore treated will give the percentage of recovery. The vanadium oxide so 
precipitated finds a ready market with manufacturers of ferroalloys. 

If it is desired to recover the uranium oxide remaining in the filtrate from the 
precipitation of the vanadium oxide, it is returned to tanks for the purpose and the 
uranium precipitated as sodium uranate by addition of sodium hydroxide until 
the liquor is alkaline. The sodium uranate so precipitated will carry the rest of the 
iron in the solution, and also the major portion of the unprecipitated vanadium. The 
precipitate is extremely hard to handle through a filter press, and the lack of a market 
for any considerable amount of uranium salts makes it nearly always advisable to run 
the filtrate after precipitation of the vanadium to the sewer without attempting to 
recover the uranium. Such wiU be the case, at least, until there is a definite market 
for the impure sodium uranate. 

1 For the preoipitatton of the sulphates, a solution of sodium sulphate oan be used to gpod advantace 
instead of sulphuric acid, provided the pnoe of the sodium sulphate is low enough to mi|ke the cost of 
the sulphate radioal contained as low as or lower than the oast of the sulphate radieal in the sulphuno 
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aiatiug largely of fine silica and other minerals, is of great imiwrtanise in Ae sliming 
method. It has been found that on boiling such a product with a solution of sodium 
carbonate in an autoclave, there is a selective action of the carbonate on tlie radium- 
barium sulphates present, and practically all of these sulphates can be converted into 
carbonates without a great deal of action on the other minerals present. This makes 
the treatment of such slimes practical, as the amount of carbonate required is rela- 
tively small. On washing* the treated slimes thoroughly with distilled water, and 
adding sulphate-free hydrochloric acid, the carlwnates arc dissolved, and a high- 
grade radium-barium sulpliate can be precipitated in this liquor by adding sulphuric 
acid or sodium sulphate. If the amount of barium in the original ore is very small, it 
is sometimes of advantage to add a small amount of barium chloride to the dre before 
receiving its initial acid treatment. This reduces the initial grade of the radium- 
barium sulphate produced, but reduces losses. 

Refining.— After the radium-barium sulphate is obtained, it is necessary to 
change this insoluble product into soluble form so that the radium can be frac- 
tionated from the barium.^ The old method of converting the insoluble sul- 
phates into soluble chlorides consisted in boiling the radium-barium sulphate 
with a strong solution of soda ash so that the suljihates were converted into 
carbonates. After the first treatment, the insoluble residues which consisted of 
a mixture of sulphates and carbonates, was thoroughly washed so as to free 
it from soluble sulphates, and was then leached with dilute chernieally pure 
hydrochloric acid. This dissolved out the ladium and barium carbonates, which 
went into solution as chlorides, leaving the insoluble sulphati*s which had not 
been converted into carbonates by the first tieatment. The procchs was then 
repeated; the sulphates being boiled a second time with soda ash, washed, and 
leached with hydrochloric acid. Three or four treatments usually served to con- 
vert all of the sulphates into carbonates, which were ultimately obtained in the 
form of soluble chlorides by adding hydrochloric acid. All the acid litjuors were 
then added together for fractionation purposes. It can readily l)e seen that this 
method involved a considerable amount of time and trouble and added greatly 
to the cost of radium production. 

Reduction with Coal Gas. — It is well known that barium sulphate can be 
reduced by heating in a current of coal gas. A temperature control within 
reasonably narrow limits is necessary in order to get jiroper reduction, and at the 
same time to obtain the material in a non-clinkering condition so that it can be 
readily removed from the tube in which it is heated. This ternp(*rature control 
is the main objection to this method, as it is difficult to obtain fairly satisfactory 
results by heating with coal, oil, or gas, and it is not easy to build an electric 
tube furnace which is suitable for the reduction. With coal gas, reduction begins 
at about 575®C., the actual working temperature being between 725 and 740^0. 
The gas consumption averages from 200 to 300 cu. ft. for 25 to 28 lb. of sulphate. 
The heat of reduction is positive at high temperature, j^roducing reaction clink- 
ers, some of which are friable and some glassy and hard to break. With a high- 
grade sulphate, reasonably free from silica, the reduction varies from 75 to 90 
per cent. If a considerable amount of silica is present, the reduction is 
decreased. The barium-radium sulphides (ibtained are dissolved iti dilut<' hydro- 

» Pawwnh, CuARLBft L , MooRK, R B . Lind, S C , anil h abi kr, O C^ "Rxtmotion and Uw»v( r> 
of Hadiunii Uraniunit and Vanadiuai from Carnotiti*/* U S Bur Minos Hull , 104, 101»» 
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chloric acid and the solution filtered from unreduced sulphate. During the 
reaction with the acid, there is a copious evolution of hydrogen sulphide so that 
the work must be done outdoors or in a strong draft of air. The solution of 
barium-radium chlorides thus obtained is ready for fractionation. 

A more satisfactory reduction of the sulphates to sulphides can be obtained by 
using charcoal instead of coal gas. The sulphate is mixed with about one-fifth its 
weight of powdered charcoal and heated for 7 or 8 hr. in a^graphite crucible in an oil 
furnace at about 800°C. Reduction takes place readily, according to the equation: 

BaS 04 -f 4C = BaS + 4CO 

The crucible is covered with a lid, but a small opening is left at the spout, at which 
the carbon monoxide bums. When the evolution of gas is complete, the crucible is 
allowed to cool with the lid on, and the radium-barium sulphide is rc‘moved and broken 
up. Under such conditions, with a sulphate reasonably free from silica, it is usual 
to get a 90 per cent reduction of the sulphate to sulphide, the ratio of the reduction 
of the radium being ab«)ut the same. The sulphide is then dissolved in dilute hydro- 
chloric acid; the whole is thrown on an earthenware suction filter, and the unreduced 
sulphate thoroughly washed with distilled water. This unreduced sulphate is either 
reduced a second time separately, or mixed with a fresh batch of the sulphate. The 
ratio of radium to barium in the unreduced sulphate is about the same as in the orig- 
inal sulphate, but there is a greater concentration of impurities, such as lead. After 
these impurities have accumulated, it is more convenient to fuse the final pniduct 
obtained with sodium carbonate. During this fusion, the lead accumulates at the 
bottom of the melt as metallic lead, and in this way is eliminated. The carbonates 
are dissolved in hydrochloric acid. 

Plant Crystallization. — The litiuor obtained from the above procedure will 
probably carry in solution radium and barium chlorides in a ratio of about 1 part 
of radium to 1,000,000 of barium. The only efficient method of separation of 
these two elements so far discovered is fractional crystallization. Radium 
chloride is less soluble than barium chloride and, therefore, will tend to concen- 
trate in the crystals, whereas the barium will concentrate in the mother liquor. 

The crystallization factor in hydrochloric acid solution is about 1.5 to 1.6; that 
is to say, if 50 per cent of the barium chloride is removed, there will be 50 per 
cent more radium in the crystals removed than in the liquor left behind. 

The crystallization factor in neutral solution is considerably less; therefore, it is 
advantageous to crystallize in an acid solution. Acidproof ^^a^c of some kind must 
be used; and, as the volumes of liquor obtained from the plant are at first large, it is 
necessary to have vessels of considerable size The most satisfactory vessels to use 
arc steel or cast-iron pots with acidproof fused-silica lining. Steam -jacketed vessels 
of 50 to 80 gal. capacity can be obtained of this material, and, if used carefully, will 
last a considerable time. The method of crystallization is as follows : 

About six evaporators arc required. The radium-barium chloride solution in the 
first evaporator is concentrated so that, on cooling, one-half of the barium chloride 
crystallizes out. This is richer in radium than the barium chloride in the original 
solution. The liquor is siphoned into evaporator No. 2, and the process repeated, 
one-half of the n^mnining barium chloride being allowed to cr>'stallize. This pro- 
cedure can be continued all the way down the series, or a fresh batch of liquor may 
be intifodiieed into the first pot after the crystals have been removed. It is advisable 
to establish a permanent crystallizing system so that fresh liquor can be introduced 
each day into evaporator No. 1 and a batch of crystals richer in radium cun be taken 
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out each day for further refining. The system may be established in several ways: 
either by adding fresh material to the first pot each day and gradually working the 
mother liquor down the evaporators to the bottom of the series; or by orystalliamg 
the first batch of liquor introduced into the first pot all the way down the series before 
the introduction of fresh material. Whichever method is used, the procedure after- 
wards adopted is the same. Half of the barium chloride in No. 6 evaporator is crys- 
tallized out and removed from the mother liquor. This liquor should be veiy low 
in its radium content, canning not more than 25 or 30 parts of radium per billion of 
barium. It is discarded. After the crystals have been removed from the evaporator 
the liquor obtained from a similar crystallization in pot No. 5 is siphoned into No. 6, 
and the crystals from No, 6 are dissolved in this liquor. In other words, the crystals 
from each evaporator ascend and the mother liquor at the same time descends, the 
crystals from a given evaporator being dissolved in the liquor from the second evapo- 
rator above. The crystals taken from pot^o. 1 can be further concentrated by giving 
twc or three additional crystallizations before being sent to the laboratory for final 
refining. 

Laboratory Refining. — The crystals obtained from a plant refining should 
contain from 5 to 10 parts of radium per million parts of barium. The salts of 
most metals, such as iron, aluininum, and vanadium, that may occur with the 
radium-barium salt as impurities, pass into the mother liquors, and only small 
traces remain with the crystals. Lead is an exception, however, and requires 
si)ecial treatment. Where barium-radium sulphide, after reduction from sul- 
phate, is dissolved in hydrochloric acid solution with copious evolution of hydro- 
gen sulphide, the almost complete removal of the lead content might be expected. 
This does not occur, however, and some lead always remains with the crystals 
obtained from the plant crystallization system and must be removed later on. 
The crude barium-radium chloride received from the plant is dissolved in water 
in large porcelain dishes, and hydrochloric acid is added to precipitate as much 
lead as possible. After the solution has stood overnight, it is filtered to remove 
the lead chloride and whatever carbon and barium sulphate may have escaped 
previous filtration. All filter papers used must, of course, be retained and after- 
wards ignited for recovery of the radium retained by the papers. The laboratory 
crystallizing system is very similar to that used in the plant, except the volunies 
of the dishes are much smaller and there are at least four vessels on the minus side 
and whatever number is required on the plus side to bring the refined salt up to 
the purity desired. If the crystals from the plant contain not more than 5 or 6 
parts of radium per million of barium, four crystallizations on the minus side are 
usually sufficient to reduce the radium low enough so that the tails can be put 
back into the plant crystallizing system. No. 5 vessel, therefore, counting from 
the minus end, is the one into which all fresh charges of liquor are placed; and 
from this point the radium travels up the plus aide and becomes more and more 
concentrated, and the barium travels to the last vessel on the minus side, from 
which point it goes back with whatever radium it still retains to the plant crys- 
tallizing system. 

The vessels in which the actual crystallization is carried out may either be of 
silica, porcelain, or steel, lined with acidproof material. The vessels in which the 
higher grade material is crystallized should always be of quartz. The procedure is 
the same as in the plant crystallizing system; for example, the crystals from pot No. 0 
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are dtSHolved in pol No. 7 in the mother liquor obtained from pot No. 8. A» the fac- 
tor of onrichmeht of radium chloride from banum chloride and also of radium bromide 
from banum bromide is more favorable in acid than in neutral solutions, a fair acid 
concentration is maintained throughout the chloride and also the bromide system 
which is afterwards obtained. 

Removal of Lead. — The chloride crystals from vessel No. 2 on the plus side arc 
dissolved in water without acid, and placed in a large glass precipitating jar 16 or 
18 in. high. Make ammoniacal and pass in hydrogen sulphide until the pre- 
cipitation of lead as lead sulphide is complete. This sulphide is filtered and col- 
lected and may be analyzed for its radium content. It should be stored for recovery 
of the radium by fusion with sodium carbonate. Attempts to precipitate the 
lead as sulphide even from slightly ac^d solution usually result in obtaining a 
brick-red precipitate of the formula (PbS)*.PbCl 2 which is far more soluble 
in acid than lead sulphide; hence, complete precipitation of the lead is possible 
only in ammoniacal solution. If the solution is made alkaline with ammonia 
before passing m the hydrogen sulphide, only a smalt amount of radium is precip- 
itated with the lead, usually not more than 0.2 per cent. 

Conversion to Bromide. — Into the filtrate from the lead precipitate, powdered 
ammonium carbonate is introduced gradually with vigorous stirring until all 
the barium has been precipitated as carbonate. After standing overnight for 
the settling of the barium carbonate and the thorough precipitation of the radium 
carbonate, the supernatant solution is siphoned off as far as possible and the 
rest is thrown on a Buchner funnel, where it is filtered and washed several times 
with distilled water. The filtrate which carries only small traces of radium is 
stored and may be returned to the plant at some convenient point before the pre- 
cipitation of the radium. The amount of radium in the liquor is surprisingly 
low, usually 0.001 to 0.003 mg. per liter. The barium-radium carbonate is 
removed from the BUchner funnel and is dissolved in chemically pure hydrobromic 
acid of 20 to 35 per cent strength in a large glass precipitating jar. 

Fractional crystallization is now continued in silica vessels in fairly strong 
hydrobromic acid solution in which the separation factor is now 2 instead of as is 
the case for chlorides. Crystallization, therefore, takes place more rapidly, but 
greater care m handling the vessels is, of course, necessary on account of the higher 
radium con(*entration. Heating may be carried on on tripods with bare gas flames 
until the richer fractions are rc^ached, when the evaporation is earned out on an 
electrically heated water bath in which only distilled water is used. In case of an 
accidental loss of radium solution into the bath, all the water can be drawn off and 
returned into the system just before' the treatment with hydrogen sulphide. 

The evaporation requirc^d to obtain a suitable batch of crystals may be generally 
regulated by concentrating the solution until vigorous fanning just begins to cause 
the formation of crystals on the surface of the hot solution. Of course, the higher the 
acid concentration, the more generous the crystal batch will be, and it is usually 
convenient to have the acid concentration such that about half of the barium in solu- 
tion will crystallize out. Owing to the high factor of enrichment as bromide, the 
radium content of the mother liquor from the “ minus two ” bmmide vessel is extremely 
low. In general, the amount of radium-returned to the plant in this bromide mother 
liquor is only about 0.2 per cent of the total amount going through the system. If 
such a result is actually obtained, it is more convenient and economical to use the 
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bromide mother liquor for the reix,>very of hydrobromic acid than to wtuni the mother 
liquor to the plant tf) recover its small radium content. 

Kiimber of Fractions Employed. — The number of fractions employed in the 
plua direction in the bromide system varies with conditions, ten to twelve being 
the usual number. The crystallization is conducted in such a way that the 
barium bromide collected in the final fraction should not fall below 1 per cent of 
radium brpmide, and sometimes is as high as 3 or 4 per cent. The total weight 
of the fraction should be 1 to 2 g. This fraction, after thorough drying in a hot- 
air oven, is sealed in a glass tube and kept for final purification, when a sufficient 
number of tubes have been accumulated. The amount of radium in the tube 
can be easily determined by means of the gamma-ray method, to be described 
later. After twenty or thirty tubes have accumulated, they arc opened and the 
contents dissolved in hydrobromic 4cid in a small silica dish. 

If there is any considerable difference in the activity of the salt in the different 
tubes, it is wiser to put those together which have approximately the same activity 
for the initial solution, and to put those of higher activity in a plus 1, plus 2, or plus 
3 dish, depending upon the amount of radium present. Crystallization is then con- 
tinued with a general tendency to push up the radium from the lower fractions into 
the last silica dish in w'hicb the majority of the radium is finally accumulated. After 
thorough drying in a hot-air oven to free the salt from moisture and from water of 
crystallization, it is placed in a glass tube and hermetically sealed. In this tube a 
small platinum wire is sealed through one end in order to conduct away the unipolar 
charge that may collect in the interior, attaining voltages that could cause destructive 
sparking. Reports are on record of serious radium losses having resulted through 
neglect of this precaution. 


RADIUM MEASUREMENTS 

Measuring Instruments. — The methods used for determining the amount of 
radium in either an ore, or in a product such as a concentrate containing radium, 
depend entirely upon the fact that radium and other radioactiveisubstances ionize 
gases. Such ionization is due to the alpha, beta, and gamma rays which are 
emitted by radioactive substances. The methods are, therefore, entirely physi- 
cal in character and involve any means of recognizing qualitatively or quantita- 
tively the ionization in air or other gases produced by the alpha, beta, and gamma 
rays. Two instruments arc usually employed for such a purpose, namely, an 
electrometer or an electroscope. 

The first instrument is adapted for use in chemical and physical laboratories, and 
is especially useful where a large number of readings are desired on a radioactive 
material in a short space of time For example, where a decay curve is required and 
the points on the curve involve short intervals of time, an electrometer is very useful, 
as the length of time for making a reading on even a not very sensitive product is 
short, due to the sensitiveness of the instrument that may bo used. For ordinary 
practical purposes, however, an electroscope is much more satisfactory, and the use of 
the electroscope only will bo described in detail in this article. A suitable instrument 
usually consists of two compartments, one above containing a suspended gold or 
aluminum leaf, in front of which is attached a reading microscope, and one below in 
which the ore, radioactive solid or radioactive gas, to be tested is placed. 

If the material is a solid, there is a suitable door to the lower compartment which 
can be opened or closed for the introduction of the material. If radioactive gas is to 
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be tested, the lower compartment is air tight and has two stopcocks, one for exhausting 
the chamber, and the other for the introduction of the gas after partial or complete 
exhaustion. Usually the leaf is electrically charged by a piece of vulcanite rubbed 
on the sleeve of a coat, or by a battery of small dry cells, or any other suitable means of 
getting a sufficiently high voltage; the charge causes the leaf to rise. Then the natural 
leak of electricity from the leaf is noted on the scale, using a stop watch to determine 
the time the leaf drops between two different points, and calculated as a certain num- 
ber of divisions per minute. ** 

Approximate Method for Solids. — If an approximate determination of the 
activity of a solid such as an ore is desired, the material is placed in the compart, 
ment below and the leak of the leaf noted as before. If the ore contains uranium- 
radium, or any other radioactive element, the rate at which the leaf falls will 
always be faster than the natural leak of «the instrument itself, owing to the 
ionization of the air in the chamber by the rays given off from the radioactive 
material. There are a number of precautions, however, to be taken in making 
such measurements: First, the illumination during the taking of the readings 
should be constant, and, therefore it is better to have the electroscope in a room 
artificially illuminated rather than to use ordinary daylight, which will vary from 
time to time. Second, readings should always be taken between the same points 
on the scale. Third, in comparing two ores, their physical conditions should be 
as nearly as possible the same. This may be roughly assured by passing them 
through the same mesh sieve, preferably 40 or 00 mesh. Of course, every 
particle of the ore must be ground until it finally passes this sieve. The 
same weight should be taken and the same surface should be exposed in the 
electroscope. 

In order to get these conditions conveniently, it is advisable to use a brass plate 
about in. thick, of a size to fit into the bottom compartment of the electroscope; 
and in this should be cut, by means of a lathe, a circular depression in* deep and 
about 3 in. in diameter. This can he done by any brass worker The bottom and 
the sides of the dc'pression should be perfectly smooth. The ore to bo tested is poured 
into the depression, the plate tapped gently so as to settle the ore, and then, by passing 
the edge of a flat piece of metal across the surface of the plate, the extra ore is wiped 
off and the depression left exactly filled w'lth ore, having a flat surface. In this 
manner a fairly uniform weight of material is obtained for comparison, and the surface 
exposed in the electroscope is approximately constant. Of course, the density of the 
ores tested varies, but the method gives approximate results. The plate with the ore 
is introduced into the bottom compartment of the electroscope and a reading taken 
The ore is removed and replaced by a sample of carnotite of knowm uranium content, 
which serves as a standard. This sample, of course, is passed through the same mesh 
sieve as the sample being tested. The relative radioactivities, that is, the rates at 
which the leaf falls, are roughly proportional to the amount of radioactive elements 
present. 

With an ore, the total activity will be due to the uranium, radium, and other 
disintegration products of the senes. With a concentrate, such as radium-barium 
sulphate, the activity will be due to radium alone. Too much emphasis cannot be 
placed upon the fact that this method can be used only to compare similar radioactive 
products, and results are only approximate. For example, a carnotite ore must be 
checked against an analyzed carnotite ore, pitchblende against an analyzed pitch- 
blende ore, and a concentrate against a similar type concentrate. As has already been 
pointed out, the physical condition of the material affects the results very markedly. 
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The following example will ehow how to make a calculation: 

Natural leak of instrument * 5 divisions m 10 mm 

Natural leak of instrument = 05 division per minute. 

Rate of fall of leaf with standard ore (3 per cent UsOg) « 48.5 divisiona per 
minute 

Rate of fall of leaf with ore to be tested « 36 5 divisions per minute. 

Subtracting from each of these figures the natural leak, 0 5 divisions per minute^ 

the results arc 4S and SR The percentage of U lOg in the ore will then be ~ * 2.2. 

4o 

If the natural leak is as low as 0 6 division per minute and the radioactivities 
of the wimples are as high as those indicated in the above experiment^ the natural leak 
can be neglected, as the error from it is less than the probable experimental error 

Exact Determinations by Emanation Method. — The exact determination of 
radium is done by means of the oftianation method, which involves separating 
ladiiim (unanation as a gas fiom its parent radium, and measuring its quantity 
ill a gas-tight electroscope jireviously standardized with a known amount of 
radium emanation Anahzed pitchblende has been employed to furnish known 
quantities ol emanation foi piiiiiose of standardization Pitchblende is selected 
because it is a pi unary uranium mineral and contains the equilibrium amount of 
radium to uiaiuum Theic'foie, hv analyring tlie mineral carefully for uranium 
it IS possible to calculate exactly the amount of ladium present, and a satisfactory 
standard is thus rcxadily obtained Secondary uiaiiium minerals, such as 
carnotite, autunite, torbc'inite, etc , do not always contain the equilibrium 
amount of radium and, therefore, cannot be used as a standard 

Three genei il methods of jnotcduie may be used, as follows (1) Release and 
measuH the emnnation from a substanec m which it is in equilibnum with the radium 
content This eoiielition will usmlly not bo fulhllcd unless the substanre has been 
retained for a moiit h or more in a closed e ontaincr In cxc optional iiiatane es, however, 
the* radium might be eonlained m i solid of very eonipaet structure, or with a glazed 
surface so that no spontaneous loss of e*manntion e ould take place But evem with a 
dense mineral like ))it( hble rule , the leak of emanation, called “eftianating flower," 
amounts at oielinan tcmpeiatuie to sewe'ral pci eent 

This eircumstHiue sugg(*sts tlie sc*conel proteduie ( 2 ) labeiate and measure 
the emanation le'taineel in the solid and apply as correction the "emanating power," 
which must be detci mined s(*paiateh and preferably aft(*r the solid has been iii a 
dosed retainer foi a month Both of the above* proce'dures, applicable, in general, 
to solids onh, invohe in piaetiec long elelavs, and, although they are adapted t>0 
scu*ntifie mvestigition, t]u> iie neif suited to ladium measurements for the purpose 
of plant e’ontrol when quick results are desired 

The following piocedurc is shorter and pioferablc when its use is possible; (3) 
Remove the emanation e onipl(*t(*ly from the sample of the substance to be analyzed 
for radium, c lose* it at one e m a gas-tight vessel and allow the emanation to accumulate 
for a convenient penod, such as from 1 to 10 days Tlien remove it and measure it, 
making a time correction to find the maximum amount that would have been formed 
on the attainment of equilibrium For removal of emanation the radium must bo 
contained (»ithei in solution, or in a state of fusion. When radium and banum are 
in a solution together, and there is a tendency for partial preeipitatioii, either as a 
sulphate or as a silicate, the two elements will usually prei ipitate in the proportion 
in which they exist in the solution The presenc'e, therefore, of a moderate amount 
of banum in solution has a tendency to hold the radium m solution and to give more 
exact lesulls by the emanation method. 
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Treatment for Solution Containing Barium in Large Bxcesa over Radium* — 

For a solution containing barium in large exceas over radium, the treatment is as 
follows: Place a suitable portion of the solution — such as will contain about 1 X 
10"® g. of radhirn — ^in a small Jena flask and add to it a suitable quantity of 1 : 1 
nitric acid. Add a few glass beads and boil 5 to 10 min. to remove all emanation. 
Allow slight cooling and then close the flask tightly with a one-hole rubber stopper 
provided with a glass tube drawn out above to a capillary tip. Seal the tip 
while some steam is still in the flask, in order to provide a partial vacuum, which 
should be maintaine<l until the flask is again opened, thus affording a proof that 
no outward leak of gas has taken place. Note the exact time and date of sealing. 

The treatment for a solution containing little or no barium is to add a suitable 
portion of 1 : 1 nitric acid which is saturated with barium nitrate, and then proceed 
as in the treatment described above. ^ 

Procedure for Liquids Containing Excess of Sulphate or Carbonate. — The 

detailed procedure for treating a liquid containing an excess of sulphate or carbon- 
ate, but no barium, is as follows: An excess of barium salt is added to the liquid, 
and the precipitate is filtered off. The filtrate containing an excess of barium is 
made acid with nitric acid to the point of precipitation, and is given the treat- 
ment outlined above for a solution containing barium in large excess over radium. 
The precipitate, if barium sulphate, is fused with four or five times its weight of 
fusion mixture of sodium and potassium carbonates and is treated as described 
later for fusions. If the precipitate is barium carbonate, it is dissolved in nitric 
acid containing sufficient sulphuric acid to precipitate an amount of barium sul- 
phate convenient for fusion, which is filtered off. The filtrate that is obtained 
may be combined with the original filtrate and given the treatment as described 
for a solution containing barium in large excess over radium. All radium is 
then contained either in the filtrate, with an excess of barium, or in the barium 
sulphate precipitate. The latter is fused with sodium carbonate and treated as 
described in the* next section. Both of the liquid fractions are closed simul- 
taneously (within 15 min.) so that the time of accumulation will be the same 
for both lots of emanation which can be later introduced into one electroscope to 
determine the total radium. 

Fusion Method for Radium Determinations. — If the radium is contained in a 
substance not readily soluble, such as a radium-barium sulphate, fuse a suitable 



]»'iG 1 - Apparatus for fusing Ra-Ba sulphate. 

quantity in a small platinum or porcelain boat with four to five times the weight 
of sodium or potassium carbonate and note the exact time at which the material 
becomes solid. Close this boat in a glass tube as shown in Fig. 1. Allow* the 
emanation to accumulate 2 or 3 days. Connect the glass tube at one end to a 
highly exhausted electroscope and at the other to a stopcock. Break the glass 
tips inside the rubber connections and exhaust the air from the glass tube into 
the olectro8co})e several times, leaving enough vacuum in the electroscop(* cham- 
ber to accommodate the gas to be introduced later. Break the glass tul>e, 
remove the boat and its contents, wrap in a filler paper, and place in the neck of a 
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flasks shown in Fig. 2; it is then ready for treatment with 1 : 1 nitric acid aftef 
the flask has been connected with the gas burette as shown in Fig. 3. In this 
treatment the flask is tipped until the acid comes in contact with the carbonate 
fusion, thus beginning a gas evolution. The stopcock is immediately opened 
to the gas burette above and the boat and contents are then thoroughly wet with 
acid and jarred down from the neck of the flask to the body of the acid. 

In larger fusions, 4he evolution of carbon dioxide may become rapid and care 
should be taken in handling them; but in small fusions not exceeding 1 g. the boat 
may be shaken down directly into the acid, which should be heated to boiling as soon 
as the gas evolution begms to slacken. All of the cai bon dioxide is, of course, absorbed 



Fio. 2. — Fusion ready Fio. 3. — Apparatus for evolving 

for acid treatment, emanation and transferring to elec- 

troscope. 


by the strong sodium hydroxide solution which is contained in the gas burette. The 
boiling off from this point is performed as with solutions discussed below. 

Boiling off Emanation from Solutions. — For boiling off emanation from solu- 
tions, the procedure is as follows: Set up an apparatus as shown in Fig. 3, wiring 
rubber connections at a and h to insure tightmess. Put into the leveling bulb 
c a stick of sodium hydroxide 2 to 3 in. long, or moredf a large quantity of carbon 
diofade is to be absorbed; make sure that stopcock d is closed and stopcock c 
open; pour boiling distilled water into the leveling bulb and allow the alkali to 
go into solution. If the boiling is too violent, put a one-hole stopper lightly into 
the mouth of the leveling bulb. After the alkali has gone into solution raise the 
leveling bulb until the gas burette is filled to the stopcock e. If the quantity of 
air to be boiled off is small, some air may at first be left in the gas burette. Close 
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stopcock e and lower bulb c to its original position. Break the glass tip /inside 
the rubber tubing at o, and slowly open d to ascertain whether there is vacuum 
in the flask g. If so, close d again and begin to heat flask g over wire gauze. 
Test the vacuum every few seconds and as soon as the pressure is outward open 
d, and cause the flask to boil vigorously. Continue boiling until live steam has 
heated to boiling all the liquid in the gas burette h. This boiling should never be 
less than 6 min., and sometimes 10 to 15 min. of boiling is^desirable. After the 
glass tip / has been broken, the liquid is likely to be carried upward by steam and 
in some instances has lodged in the stopcock d and caused serious explosions. As 
a precaution, a roll of thin platinum foil can be introduced into the glass tubing, 
as indicated at f, or the stopcock d may have a wide bore, which also obviates 
the danger mentioned. 

After the boiling off has been completed, remove the flame, and as soon as the liquid 
begins to draw back through the stopcock d close the stopcock and remove the flask 
entirely. Evacuate the electroscope chamber to a suitable vacuum, cither by an 
aspirator, or, more convenienlly, by a hand pump, and connect the sulphuric acid 
microdrying bulb I to the electroscope and to the gas burette as indicated in Fig. 3. 
Be sure that stopcock j is closed; open first the co(‘k of the electroscope for a moment 
and reclosc it; then slowly open stopcock e to full width and then gradually open the 
stopcock to the electroscope, allowing the gas to bubble through the microdrying bulb 
at a fairly rapid rate. 

When the liquid in the gas burette has risen exactly to the point /r close stopcock 
c and open stopcock j, allowing dry, dust-free air, which should preferably be taken 
from outside the laboratory, to sweep out the connections for a few miiiutt*s; then close 
the stopcock to the electroscope, reopen stopcock c, and allow the liquid in the gas 
burette to fall back 3 or 4 in. below the shoulder; close c, and then pour off all excess 
liquid out of c; close j and again open e to the electroscope, allowing air to bubble 
from the bottom of the gas burette h through its entire length to insure the removal 
of any emanation that may have remained dissolved in the liquid. Air should be 
allowed to bubble into the electroscope chamber until normal pressure has been almost 
restored. The alwve procedure for boiling off radium emaniit ion is used for carbonate 
fusions introduced into acid, and also in handling any solids that are to be dissolved 
directly. For example, ground pitchblende and camotite ore may be u lapped in 
filter paper in the way in which such a fusion is wrapped in Fig. 3, or seah'd in small 
glass bulbs which are opened by being crushed against the bottom of the flask by 
tapping on the glass stem projecting through a second hole in the rubber stopper. 

Construction of an Electroscope. — Figure 4 shows an electroscope wliich is 
very suitable for radium determinations by the emanation method. Figure 5 
represents a section of this electroscope, showing the gas-tight chamber at the 
bottom with openings at o for connections with stopcock. The electrode e is a 
brass cylinder in. in diameter. It is suspended by a small brass rod in. in 
diameter, which screws into the top of the electrode, passing upward through the 
insulating material d, and terminating in a small conical top c, serving to make 
metallic contact with the leaf system above. The leaf system / is suppofted 
from the top of the cylinder, where it is held in place by the sealing-wax insula- 
tion set in a milled-head cap p, which screws into a vertical collar on the cylinder 
H in. in height. The cap is hollowed out inside to contain the insulating wax, 
from which a flat brass rod/, in. broad, about He in* thick, and in. long, 
projects downward, terminating below in a light brass spring s, to make contact 
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with the corneal top of the electrode of the ioidaation chamber. The leaf is of 
aluminum, about 2 in. in length, and is attached to a small offset at the top of the 
brass rod by a moisture contact. The electroscope can either be charged by 
a piece of hard rubber or, better, by a battery of flashlight storage cells giving 
600 or 600 volts. The reading microscope in front of the instrument carries a 
micrometer scale sei\ang to measure the rate of discharge of the leaf. The eye- 
piece fits firmly into the case so that its rotation is difficult after the micrometor 
scale has been set parallel to the leaf. 


Th. 4 — Elortronropo with mter- 
('hangcablo loju/atioii ohamber 



troHcoiK' (one-fourth 8i*e ) 



Order of Procedure in Using Electroscope. — (1) Set up electroscope and 
charge for 15 niin from a battery with just sufficient voltage to hold the leaf on 
the part of the scale to be used latei. ( 2 ) Observe the natural leak during 15 or 
more min. (3) Carry out tlie calibration control by rneaiifc of penetrating rays 
if radium is available for this puipose. (4) Detach the top and evacuate the 
lower chamber to the desired vacuum. (5) Pass the emanation-air mixture 
through a sulphuric acid dr>ing tube into the evacuated chamber and restore 
normal pressure. (6) Allow the emanation to stand in the discharge chamber 
for 3 hr. (7) Charge for 16 rnin as before. (8) Take three readings if agree- 
ments are good, or ten if deviations 'are greater than 1 per cent. (9) Clean 
out the emanation chamber by drawing diy, dust-free air through it for some 
time (overnight if convenient). (10) Calculate the discharge and subtract the 
natural leak, expressing both in divisions per second. (11) Compare the cor- 
rected discharge with the calibration of the instrument to determine the quantity 
of radium under measurement, taking time corrections into consideration. 
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Calibration of Electroscope. — The calibration of the electroscope is carried 
out in exactly the same way as in ordinary measurements^ except that a known 
quantity of emanation is introduced. This known quantity may be obtained in 
two ways, as follows; (1) From a standard solution of some radium salt by passing 
air through it until its emanation is all transferred into the electroscope. This 
method is not satisfactory, as it is difficult to know always the amount of radium 
in solution, owing to the tendency of a portion of the radium to precipitate out of 
solution as sulphate or silicate. (2) The preferable practice is to use high-grade 
analyzed pitchblende, a suitable quantity being dissolved for each stand- 
ardization, and the quantity of radium being calculated from the uranium 
analysis. The quantity of radium emanation obtained on dissolving the pitch- 
blende will not correspond exactly to the radium content because a small frac- 
tion of from 2 to 10 per cent of the gas diffuses! from the ore; this fraction, termed 
the “emanating power” of the ore in the cold, must be determined by sealing a 
quantity of the ore in a tube for a month or more, and drawing off the emanation 
into an electroscope by the passage of air. The “emanating power” thus deter- 
mined in the standard sample is used as a subtraction correction. Convenient 
quantities of radium emanation are those that will produce a discharge of the 
order of one to two scale divisions per second. The use of pitchblende as a 
standard is based upon the fact that in any unaltered uranium mineral the ratio 
of the radium present to the uranium is constant. One gram of uranium is in 
radioactive equilibrium with 3.3 X 10"^ g. of radium. 

Sample Determination of Radium Content of an Ore. — A sample of pitch- 
blende loses 10 per cent of its emanation at room temperatures. It contains 50 
per cent metallic uranium. Therefore 22 mg. of the ore will, on dissolving in 
acid, liberate emanation in equilibrium with 10 mg. (0.01 g.) of metallic uranium 
This emanation, 3 hr. after introduction into the electroscope, causes the leaf to 
fall at the rate of 40.5 divisions per minute. The natural leak (0.5 divisions 
per minute) subtracted from this leaves 40 divisions per minute due to the emana- 
tion. Therefore ithe fall of one division per minute represents the total emana- 
tion associated with = 2.5 X 10"^ g. of uranium in the mineral. This is the 

“constant” for the electroscope. One gram of ore is fused with fusion mixture 
as already described. At the end of a month the emanation obtained from the 
two solutions is introduced into the electroscope. After 3 hr. the rate of fall of 
the leaf is 18.5 divisions per minute. Subtracting the natural leak (0.5) leaves 
18 divisions per minute. Therefore 1 g. of the ore contains 18 X 2.5 X 10“^ = 
45 X 10"^ g. of uranium. 1 As 1 g. of uranium is in radioactive equilibrium 
with 3.3 X 10“’ g. of radium, 1 g,* of the mineral will contain (45 X 10''*) X 
(3.3 X lO"^) = 1.48 X 10“® g. of radium. 

OTHER RADIOACTIVE ELEMENTS 

Mesothoiium. — Of the other radioactive elements which have commercial 
use mesothorium is the most important. It is a disintegration product of tho- 

1 Tlu'* IS tnio onl> whon tho tiraniuin and the ridiiitii nrr in ('<iuilibnuin In olhor oases it represents 
the theoretical amount of uruiuuni in equilibrium uith the indium mtuuUy present In pitchblende, 
hinee it is a pnmaiv miueial. the ratio of uranium to radium is crmstani, 1 g uranium » 3 3 X 10'^ K of 
radium, or 2,tXK) lb UiOo - 331 ihk RaCl , and if the percentaRe of uranium is known by analysis, 
the amount ot radium present can be caleulutc>d diieitlv In eaiiiotite and other recent uranium 
minerals, the cijuilibnum ratio is not ooustaiit uiid the radium present has to bo found by experiment. 
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rium Aiid m, therefore, associated with this metal in all thorium minerals. Its 
half-life period in very short, compared to that of radium, being only five and ^ 
half years. There^re, commercially it has not the same value as radium, espe- 
cially for cancer treatment, or for purposes where it would naturally be carefully 
preserved and a long life would be of advantage. When its commercial use is 
likely to last over a limited period, such as in luminous paint for cheap watch 
dials, electric push byttons, etc., it is just as useful as radium and can be substi- 
tuted for the latter element in luminous paint for such purposes. Since meso- 
thorium 1 gives oS beta rays only, and the alpha -rays are the main source of 
luminosity in paints used for watch dials, etc., it is necessary for the mesothorium 
1 after preparation to be allowed to ripen” for a year or even two years so that 
the alpha rays, due to the gradual accumulation of radiothoriuni, can be used. 
The general effect, therefore, is for the luminosity of such paints gradually to 
increase for two or three years and then, after coming to a maximum, gradually 
to decrease. Mesothorium 1 chemically is allied to barium and radium and, 
therefore, can be precipitated with barium just as radium is. The usual pro- 
cedure in manufacture is to add 2 or 3 lb. of barium chloride per ton of monasite 
treated. When the monassitc is heated with sulphuric acid in order to extract 
the thorium and other rare eartlis, the barium sulphate and mesothorium sul- 
phate are left behind in the residue and can be recovered from the coarse silica, 
etc., by sliming. The crude concentrates so obtained can be still further purified 
by fusion with a mixture of caustic soda and sodium earl)onate, by which means 
the silica is converted into sodium silicate and can be washed away from the 
barium-mesothorium carbonates, or the silica can be eliminated by the use of 
hydrofluoric acid. The refined sulphate so obtained is purified by the same 
methods describetl under the refining and purification of radium. 

Actinium. —Actinium was discovered by Debicrne in the iron group separated 
from pitchblende, shortly after the discovery of radium and iioloiiium. Actin- 
ium itself is probably rayless, but its first product, radioaetinium, has a half-life 
period of 18.8 days. Actinium preparations when first made increase enor- 
mously in activity over a period of several months. It is, therefore, comparatively 
easy to overlook its presence, unle^ss the jireparations are kept and their activity 
tested periodically. Actinium is easily obtained with iron and rare earths by 
jireeipitating barium as sulphate in an acid solution; and this accounts for its 
presence in pitchblende residues In working these up, the acid solutions, after 
removal of polonium by means of hydrogen sulphide, are oxidized and precipi- 
tated with ammonia, the actinium being precipitated anti the radium and barium, 
of course, remaining in solution. The precipitate may be extracted with dilute 
hydrofluoric acid, the insoluble part consisting of La, Pi, Cc, and Th retain- 
ing most of the actinium. The rare-earth element most closely associated with 
actinium is lanthanum. In the presence of ammonium salts the precipitation 
of actinium is far from complete, but is it completely precipitated in the pres- 
ence of manganese from basic solutions. 

Polonium. (Radium F). — Polonium is one of the short-lived radioeleraents, 
having a half life of 140 days and giving off alpha rays only. Its discovery was 
due to the fact that it is closely allied to bismuth and precipitates with bis- 
muth in the second group. For this reason it is easily separated from radioactive 
minerals in crude form by digesting radium containing residues of pitchblende 
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or carnotite ore itself with hydrochloric acid. A part of the polonium is dissolved 
and may be precipitated with hydrogen sulphide. The polonium may be 
purified: (1) by fractional precipitation from solutions ma^e very acid with 
hydrochloric acid, the polonium being enriched in the precipitate; (2) by frac- 
tional precipitation of the basic nitrate with water, the precipitate being en- 
riched; (3) by sublimation in vacuo^ the polonium being more volatile. By 
immersing a plate of bismuth, silver, copper, etc. in a hydrochloric acid solu- 
tion, the polonium is practically completely precipitated. The theoretical 
quantity of polonium in minerals is 1 g. for 14 tons of uranium element, assuming 
that no radium emanation escapes from the mineral. As such a condition never 
exists in nature, the actual amount is less than the theoretical. 

Radiolead. (Radium D.) — There are three kinds of lead: one representing 
the final disintegration product of the uraniufii series; one the final disintegration 
product of the thorium series; and ordinary lead, which so far as is known, does 
not owe its origin to radioactive changes. The first has an atomic weight of 
206, the second 208, and ordinary lead 207. Since radiolead, or radium D, 
resembles lead perfectly in all of its chemical reactions, in the treatment of ura- 
nium minerals it cannot be separated from the lead which is found in such minerals. 
It is, therefore, obtained in association with this lead when the latter is precipi- 
tated during the refining of the radium-barium sulphate. Common commercial 
lead contains traces of radium D and is more distinctly radioactive than most 
other metals. For this reason, in making instruments, a very old lead should, 
if possible, be employed, as in this the radioactive constituents will largely have 
decayed. Another source of radium D is old radium, in which the radiolead has 
to a certain extent accumulated. If, however, a sample of this element is 
required in concentrated form, the best method is to remove the emanation 
periodically from a radium solution kept in an air-tight vessel and introduce the 
emanation into a closed vessel. As the emanation decays, the radiolead will be 
formed and will be deposited on the sides of the vessel This can then be dis- 
solved by acid an*d precipitated by ammonia or other lead prccipitants, provided 
a small amount of lead salt is intioduced in order to give a precipitate sufficiently 
large to be handled. 



CHAPTER XLII 


TIN 

By R L Hallett* 

Physical Properties— Tin is a lolatively yift siKei-white metal with a 
bnlliant luster Its atomic weight ih 119 It ih not \ery ductile— it is too soft 
to permit drawing It is very mllleable, and may be rolled into thin sheets, 
the pioperty which is utilized iii the manufacture of tin foil. The tensile strength 
of tin IS low, being somewhat higher than that of lead but lower than most of the 
other metals. Most impunties tend to increase the tensile strength of tin, but 

they also decrease its malleability and ductility 

• 

The specihc gravity of tin vanes the method of preparation, the epecifie 
gravity of cast tin is aliout 7 28, of rolled or extruded tin, about 7 30 The melting 
point of tin IS 232°C , and the boiling point has been reported to be about 2200'*C* 

Most of the impurities usually found m tin tend to make it hardei and more 
brittle Many of lliem tend to increase its melting iK)in1, but some of them (such as 
lead) form eutectic mixtures with tin and decrease its melting point 

When tin is exposed to low temperatures, the physical character of the metal seems 
to undergo a complete change probably a molecular change, during which the solid 
metallic form is chang(‘cl to a gray powdc r made up of small grams This form is 
known as the “gia> modification,'' and seems to be an allotropic modification, of tm 
The change may take place at temperatures below The specific gravity of the 

gray modification has beem reported to be about 5.8. 

Tm m its ordinary form is somewhat crystalline in stnicture, the east form being 
more crystalline than the lolled form When a bar of tin is bent it gives a charac- 
teristic '^cry," a shght cracking noise, probably caused by the friction of the crystals 
on eac h other 

Chemical Properties. — At oidinary temperatures inotalhc tin is not readily 
acted on by many chemical Mib'^tances The action of the elements of the 
atmosphere is slight, accounting for the wide use of tm as a piotective coating 
for iron and steel in the well-known fenm of tin plate 

Cold dilute hydrochloric acid dissolves tm slowly,* and the action is more rapid 
when hot concentrated acid is used Stannous chloiide is produced, and hydrogen w 
given off in the reaction 

Dilute sulphuric acid slowly dissolves tin, with the evolution of hydrogen, and hot 
concentrated sulphuric acid dissolves tm rapidly, with the evolution of sulphurous 
anhydride and the sc»paration of sulphur 

Very dilute nitric acid dissolves tm without the evolution of gas, forming stannous 
nitrate and ammonium nitrate, and strong nitnc acid rapidly converts it into meta- 

^ National Lead Co, Research Laboratories Consultant for Williams Harvty Corporation, New 
York and Williams, Harvey & Co Ltd , Liverpool 

3 Throughout this chapter, reference numbers are to corresponding numbers m Bibliography at the 
end of this chapter 
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stannic aeid, which is insoluble in most other acids. Agua regia (nitiohydroohlonc 
acid) dissolves tin readily, formmg stannic chlonde. 

Tin usually acts as a base, but sometimes as an acid. Tiii*oxide (SnOt) is not 
appreciably attacked by most acids, but at high temperatures tm oxide reacts readily 
with silica to form tm silicates When tin oxide is heated with some strongly basic 
substances, such as the fixed alkalies, stannates of the bases are formed. 

Alloys. — ^Tin readily forms alloys with most of the otter metals. Some of 
the alloys are of great commercial and industrial value, and the use of tin in alloys 
IS second in importance only to its use as tin plate 

Perhaps the most important alloys of tin are those with antimony and copper m 
beanng metals, with lead in solder, with lead a^>d antimony m type metal, with lead 
in feme plate, with copper and sometimes zinc m bronze, and many other alloys 
used for minor purposes 





Fio 1 — Open cut tm mines, btraits Settlements i 


The only tm alloys which gieatly affect the metallurgy of tm are the alloys with 
iron Tin alloys readily with iron, which fact is said to account laigc'ly for the buc( <»8S 
m plating iron with tm 

The tm-iion alloys formed m some tm metallurgical operations are known as 
‘^hard head ” They ha\e very highmieitmg points and introduce certain difficulties 
m the metallurgy of tin The best-known hard-head alloy is FeSnj. The alloy con- 
taining 60 per cent of tm and 50 per cent of iron has the lowest melting pomt, which 
IS given at IHO^C. 

Tin Ores. — By far the mo^t impoitaiit ore of tin is tho mineral cassiteiite, 
which IS tm dioxide (SnO J It contains 78 0 per cent of tin and 21 4 per cent of 
oxygen. It crystallizes m the tetragonal system and has a hardness of from 6 to 
7 The specific gravity is from 6 8 to 7 1 The color is brown or black, 
sometimes red, giay, whlt^, oi \ellow 

‘ I jg^ 1-5 included are by courtesy Malay states Information \geucy 




The occuirence of tin an the mineral Htaniuie» a triple sulphide of tiu, oqf>por» arid 
iron, has been reported and is of interest, but no deposits of eommerctal value have 
been found. « 

A number of other tin minerals have been identified in various places, but are of 
scientific interest only. 

Tin oxide (cassiterite) is the commercial ore from which the tin of oommme is 
produced. It occurs m many parts of the world in origmal deposits in the form of 
veins or lodes, and als# m transported alluvial or placer deposits. The occurrence in 
these two forms gives nse to the two names for the ore *‘v€m tin and ^^stream tin,” 
designatiifg the vein and the placer deposits. 

Tm ores are also referred to as “tin stone,” “washed tin,” “tin sand,” “black 
tin,” and “honl/o,” the different terms being used m different localities where the 
nomenclature has probably been developed locally. 



Fio. 2 — Open cut mine, Straits Settlomenta • 


Minerals contammg other metals are often found associated with cassiterite in 
the original vein deposits, but in the placer deposits the tin ores are usually fairly pure, 
because, while cassiterite is practically unaffected bv the action of the elements of 
nature which decompose the original vein fomiations and transport the decomposed 
material to the placer deposits, many of the other minerals are altered to such an extent 
that the metals contained in them are readi)> dissolved or washed away and arc not 
found associated with the cassiterite in the placer beds 

The metals often found associated with cassitente in vein deposits are Pb, Bi, 
W, Sb, Zn, Cu, Ag, As, and Fe. While the tin almost invariably occurs as the oxide, 
the other metals when present are nearly always in the form of sulphides, except 
arsemc and tungsten, which usually occur in the form of arsenides and tungstates. 

Occurrence. — Tin has been found in many parts of the world, but in some 
large areas (such as practically the whole of North America) no tin deposits of 
any great commercial value have been discovered up to the present time. 

The large and valuable tin deposits of the woild are found in the Straits Settle- 
ments (comprising the Malay Peninsula and BuiTna), Boh via, the Dutch Bast Indies, 
Siam, China, Nigena, Austraba, South Africa, and Engfand, with minor deposits in 
Pt’^ugal, Spain, India, Germany, Mexico, Alaska, and the United States. 
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The tm ore produced in the Straits Settlements, Dutch East Indies, Siam, and 
Nigena is nearly all from placer deposits. The ore deposits which are bemg operated 
in Australia are of both placer and vein formation, the production being divided about 
equally between Ibe two. The commercial ore deposits of Bolivia and China are 



Fig 3 — Hydraulic mining. Straits Settlements , 


nearly all vein deposits, and those of South Africa consist largely of vein deposits 
In C^ornwall tho tm ore was originally recovered from placer ground, but at the present 
time practically all the commercial tm-ore deposits of Cornwall are of vein formation. 



Fig 4 — Hydraulic mming, Straits Settlements 


Up to and including the eighteenth century, civihzation secured its tin supply 
mainly from Cornwall in England and from Saxony and Bohemia in Europe. Early 
m the nineteenth century the European deposits became practically exhausted, but 
the Cornwall deposits increased m production and importance, and, together with t|ie 
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placet of the Dutch East Indies, formed the mam supply imtil produetion 

from the Straits Settlements began to come in toward the end of the nineteenth esn^ 
tury and the early part of the twentieth century. At the present time th^ Cornwall 
deposits have become greatly depleted and are nearly exhausted. During the first 
twenty years of the twentieth century the Straits ^ttlements became the largest 
producers of tin and have occupied that position continuously until the present time. 
The production of tin from Bolivia began to be a material factor toward the end of 
the nineteenth centui^r, and at the present time is second only to the production 
of the Straits Settlements. 

Apparently, the Straits Settlements have passed the peak of their production and 
will continue to show a decre^ase in the future. The Bolivian production has been 
increasing, but, apparently, has about reached its peak at the present time. With the 
decrease in the production from the Straits Settlements, the indications are that before 
very long the Bolivian tin deposits wjjl be the most important in the world, and Bolivia 
will probably be the leading producer. The production from the different localities 
during the last eight years, as given in “Metal Statistics,” is as follows: 


Much of the tin ore from the Straits Settlements is smelted in Singapore and 
Penang, and much of the tin ore mined in the Dutch East Indies (the islands of Banca 
and Singkep) is smelted locally, l^raetically no tin ore of the Far East has been 
smelted in the United States because of the restrictions which have prevented the 
development of an American tin-smelting industry with the ores from that source. 
The regulations of the Britisli Empire require that all tin ore produced in Great 
Britain or her possessions shall be smelted within the British Empire, and similar 
restrictions in the Dutch East Indies have resulted in local smelting in that locality 
also. The restrictions in regard to tin ore produced in the Bntish Empire resulted 
in the virtual control by Great Britain of the tin-smelting industry of the world, up 
to the time of the development of the Bolivian tin deposits. 

Before the World War a large proportion of the l^livian tin ore was smelted in 
Germany and the remaindet in England. As the war progressed, Germany was 
eliminated because of her inability to secure Bolivian tin ore, and for several years 
the tin ore from Bolivia was smelted almost entirely in England and in the United 
States, each country receiving about half of the Bolivian output. 
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The tin-smeltitig industry in the United States was not started until 1916, but 
rapidly developed thereafter until in 1923 it had reached an annual tin-smelting capac- 
ity of about 20,000 tons of fine tin. During 1923 the tin-smelting companies in the 
United States were forced to abandon their operations, owing to their inability to 
meet the cheaper costs of smelting tin ore in Europe, chiefly in England and Germany. 
This condition will doubtless continue unless the industry should be protected by a 
duty on pig tin imported into this country, without any duty being imposed on the tin 
contents of ores. © 

Prior to 1916 the only tin produced by smelters in the United States was the 
secondary metal obtained from the smelting of dross, scrap, and refuse. Smelting 
of dross and the recovery of secondary metal still is and will continue to be an impor- 
tant industry in the United States, and the amount of tin so produced is probably 
about 30 per cent of the primary tin used in the United States. 


Consumption. — The world’s production of primary tin is about 120,000 long 
tons, of which about half is consumed in the United States. Of the tin consumed 
in the United States about 40 per cent is used for tin and terne plate, an equal 
amount for bearing metals and solder, and the remainder in various industries 
where tin in different forms is required. The United States, therefore, occupies 
the unique position of being the country which is the largest consumer of tin, 
but which, aside from the insignificant quantity coming from Alaska, produces 
no tin from natural deposits and, since the suspension of the tin-smelting 
industry in the United States, must depend entirely on supplies from foreign 
countries.® 

Grades of Tin. — ^With tin, perhaps more than with any other metal, the 
location and the character of the ore deposits from which the tin is obtained 
determine to a largo extent the value and the use of the tin which is produced. 
In metallurgical recovery operations most metals are so completely refined that 
they are eventually recovered in pure form suitable for the purposes for which 
such metals are used. The methods of refining are usually such that the ores from 
all sources are amenable to the methods, and pure metals are produced, no matter 
what impurities may be associated with the metals in the original ore deposits. 

With tin, the conditions are quite different, as the selection of tin for various uses 
depends greatly on the impurities which the refined tin contains, and, because of the 
diflSculty of removing the metallic impurities in the tin-refining process, the success 
in refining depends to a very large extent on the purity of the original tin deposits and 
the kind and amount of other metals associated with the tin in the original ore 
deposits. 

For this reason tin from certain localities has become famous not because the metal- 
lurgical methods of recovery and refining of the tin in those localities are superior, 
but because the tin ores produced in those localities contain such small amounts of 
associated metal impurities that fairly simple metallurgical methods produce refined 
tin of great purity. 

Tin from other sources where the ores are contaminated by large amounts of other 
metals is refined with great difficulty, and even after refining is usually not so pure 
as the tin from the localities where the ore does not contain the impurities in the origi- 
nal ore deposits This condition has developed the present tin situation, where 
nputation of brand, resulting largely from purity of the original ore dei>osifs, is the 
first consideration in purchasing the metal. 
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Ha metaQuigioal methods used ia different parts of (die worid have been agpeoinUT 
developed to treat the different kmds of ore obtained in those lorahties, and, tot that 
reason, great differences m metallurgical processes and methods of treatment have 
redult^. 

The metallurgical methods have been earned on for such a long time that they 
have become more or less standardized in the vanous localities, and the different 
brands of tin are fairly uniform m regard to the kind and amount of impurities which 
they contain Tin comes from ore deposits located in manv parte of the worlds 
and tin from the different deposits vanes considerably m punty The uses of tm 
likewise vary, as some uses seem to require tin of groat punt'v, while others are 
satisfactorily met with tin which is somewhat less pure 

The kind as well as the amount of impurities contained in tin is an important 
consideration. While there are undoubtedly characterihtic differences in the com- 
position of tin produced from the differcgit localities, taken altogether, tlie differences 
are not g^eat when refining has been properly done For inan\ >(*ars tin has been 
marketed under the brand or trade name of the producers, which has led to the dis- 
tinct classification accorcLng to brand, and each brand has assumed its own relative 
importance in accordance with its reputation for uniformity and the kind and amount 
of impurities which it contains 

The principal brands of pig tin produced b> the tin smelters of the woild, together 
with typical average analyses of each bmnd, as published b> the Ijondon Metal 
Exchange, are given in the following table 


T’^pkai Tin Anal'vsps 



Tin 

Anh 

rncry 

Vrsciiic 

Lead 

Bis 

iniith 

( opjinr 

Iron 

8il\tr 

Sul 

phur 

Ctibalt 

American ileotrolytK tin 

m ‘128 

0 002 

0 002 

Nil 

0 042 

0 026 

Tract 




Banca tin 

99 950 

0 007 I 

Nil 

Trace 

Nil 

0 018 

0 045 

Nil 

Trate 


Penang tm 

99 910 

rratse 

0 on 

Trace 

Nil 

0 016 

0 028 

Nil 

0 004 


Singapore tin 

90 870 

0 008 

0 045 

0 0)4 

0 00) 

0 052 

0 (K)) 

0 006 

0 005 


Mt Buichoff^ 

09 795 

0 015 

0 06) 

0 0)7 

0 005 

0 035 

0 042 

Tratt 

0 008 


Pyrmont tin 

90 918 

0 017 

0 019 

Trace 

Nil 

0 022 

T rort 

fill 

0 004 


Irvioe Bank 

90 o80 

0 062 

0 034 

0 221 

0 025 

0 126 

0 002 

0 018 

0 (NK 


Mellanear Lamb & 1* lag 

go 19 

0 16 

0 06 

0 16 

0 )5 

0 06 

0 02 




Williams Harvey & C o I td 











No I 

00 800 

0 015 

0 040 

0 004 

0 005 

0 047 

0 003 

Nil 

0 006 


No 2 

99 560 

0 160 

0 0)7 

0 162 

0 007 

0 050 

0 005 

Tract 

0 013 


No 2a 

99 m 

0 245 

0 0fi5 

0 22) 

0 015 

0 042 

0 016 

Trairt 

0 on 


No 3 

99 200 

0 300 

0 0)7 

0 )96 

0 007 

0 100 

0 on 

0 OH 

0 000 


No 4 

99 941 

0 oil 

0 022 

Triwe 

0 001 

0 020 

Trati 

Trato 

0 006 


Penpoll 











No 1 

90 720 

0 118 

0 054 

0 on 

0 007 

0 0)2 

0 004 

0 000 

0 007 


No 2 

98 710 

0 500 

0 042 

0 546 

0 065 

0 103 

0 007 

0 015 

0 004 


No 3 

99 300 

0 325 

0 056 

0 212 

0 050 

0 088 

0 002 

0 021 

0 000 i 


Redruth 

00 100 

0 176 

0 053 

0 177 

0 017 

0 44o 

0 on 

0 006 

0 OOH 

0 012 

Sutton, T & Sons 

09 550 

Tract 

0 022 

0 342 

0 015 

0 045 

0 010 

Irate 

Nd 

Trace 

Chinese No 1 

99 343 

0 031 

0 040 

0 4)4 

0 007 

0 052 

0 010 

Trate 

0 011 

0 072 

Wing. Hong & Co 






/ 





No 2 

98 062 

0 039 

0 035 

1 035 

0 012 

0 134 

0 014 

Trate 

0 Oil 1 

0 058 

No 3 

05 280 

0 381 

0 050 

3 995 

0 020 

0 106 

0 026 i 

0 OIS 

0 008 

0 116 

> The company s directors issue 
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‘)9 847 

0 015 

0 011 

0 04i 

0 001 

0 017 

0 06.) 
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0 05 

6 01 

1 

0 006 

0 (M 

0 00 N 

0 (H)5 

0 IH 
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The location of the smelters produdng these brands and the principal sources from 
which the tin ores are obtained are as follows: 


Location of Smeltebb 

United States (closed in 1923): 

American electrolytic tin 

Mellanear, Lamb & Flag 

England: 

Mellanear, Lamb & Flag 

Williams, Harvey & Co., Ltd.: 

No. 1 

No. 2 

No. 2a . , . . 

No. 3 

No. 4 

Fcnpoll : 

No. 1 

No. 2 

No. 3 

Redruth 

Sutton, T. & Sons 

St rails Settlement s : 

Penang tin 

Singapore tin . . . . 

Ilutch Ea.st Indies: 

Banca tin . . 

Australia : 

Mt, BisehofT 
Pyrmoni tin. . 

Irvine Bank 
China : * 

Chinese No. 1 
Wing, Hong & Ck).: 

No. 2... 

No. 3 


SooBCE ov Orbs 

Bolivia 

Bolivia 

Bolivia 

Bolivia — Nigeria 
Bolivia — Nigeria 
Bolivia — Nigeria 
Bolivia — Nigeria 
Bolivia — Nigeria 


. Cornwall — Bolivia 
. Cornwall — Bolivia 
. Cornwall — Bolivia 
. Cornwall — Bolivia 
* (mostly Cornwall) 

. Cornwall — Bolivia 

. Straits Settlements— 
Billiton 

Straits Settlements 

. Dutch East Indies 

Australia 
Australia 
. Australia 

China 

. China 
China 


Williams, Harvey <fe Co., Ltd., No. 1 tin is known in the United States as ^‘English 
Refined, ” and is guarani eed to contain not less than 99.75 per cent of tin. Mellanear, 
Lamb ^ Flag is guaranteed to contain not less than 99 per cent of tin and is known 
in the United States as “99 per cent.^* Penang and Singapore brands are known as 
“Straits tin.“ Chinese No. 1 tin, accompanied by Hong I^ng analysis, is known as 
“Standard Chinese, Hong Kong Analysis.” 

Prices. — Under normal conditions, where the prices are controlled by supply 
and demand, the principal markets are in London and New York, and prices 
are established at those iK>ints. Prices in London and New York are usually 
fairly near together, the London price being just enough under the New York 
price to represent approximately the cost of freight from London to New York. 
The average yearly prices of Straits tin for prompt delivery in New York are given 
in the following table: 



Pia Tin Pbicn* in Naw Yobs 


Avsbaos Caan 

YBAB rSB POOHB 

1914 85.70 

1915 38.66 

1916 ■ 43.48 

1917 61.65 

1918 *. 86 80 

1919 65.54 

1920 . ... 50.36 

1921 30 00 

1922 32 58 

1923 42 71 

1924 • 50 20 

Average for 30 years .36.61 


Mining. — The mining methods used to remove the tin ore from the natural 
deposits depend to a large extent on the charactf'r of the dejmsits, whether vein 
or placer, and, to a lesser extent, on the location, kind of labor available, climate, 
and other local conditions. 

The vein deposits are worked by mining methods very similar to those useil for 1 he 
hard-rock mining of the ores of other metals. 

The placer deposits are mined with open cuts and by hydraulic sluicing and 
dredging. Some of the open-cut mining in the Far East is done in a crude and ele- 
mentary manner, but much of the hydraulic sluicing and dredging is carried on 
according to the best modern mining methods. 

The sand and gravel from th" open-cut mines are usually treated in sluice boxes 
or hand pans to concentrate the cassiterite and wash out the worthless material. 
Typical open-cut mines in the Straits Settlements are shown in Fig. 1 and Fig. 2. 

Where hydraulic sluicing methods are used the placer ground is often broken up 
with modem “giants” or "monitors,” and the sand and the gravel are washed through 
sluice boxes to concentrate the tin mineral. Hydraulic mining in the Straits Settle- 
ments is shown in Fig. 3 and Fig. 4. 

Dredging is done with Hoating boat dredges following practice similar to tlie 
dredging of placer ground in other parts of the world. 

The tin ore from vein-mining operations is crushed to break the cassiterite away 
from the associated minerals, and it is sometimes neceasary to crush some of the 
gravel from placer ground to accomplish the same end. ^ 

The mined and crushed ore is first treated in sluice boxes, hand pans, or, m the 
more modern operations, with standard wet-concentrating machinery. As the specific 
gravity of most of the ganguc minerals is lower than the specific gravity of cassiterite, 
the mechanical concentrating treatment removes most of the gangue, t»rth, and sili- 
cates, and leaves the tin in the form of cassiterite concentrates, usually containing 
more than 60 per cent of tin. Hand picking sometimes precedes the weWoncenlration 
treatment. In the purchase of tin concentrates by the En^ish tin smelters, the treat- 
ment charge is usually based on concentrates containing 60 per cent of tin with an 
increased treatment charge if the concentrates contain less than 60 per cent of tm, and 
a decreased charge if they contain more than 60 per cent of tm. * , . 

If the ore is obtained from placer ground, the tin concentrates resulting from the 
mechanical treatment are usually fairly pure, but if the ore is obtained from vein 
deposits the concentrates may be contaminated with small amounts of the sulphides 
of other metals. 
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Preparing the Ore for Stndting^—Modem smelting methods, as applied to 
the metallurgy of tin, are fairly efficient and economical, but, because of the 
metallurgical and chemical characteristics of tin, the refining methods in general 
use are not satisfactory and fail to remove completely the metallic impurities 
which are reduced with the tin in the smelting process. For this reason it is 
often necessary to treat specially the tin concentrates from some localities so 
as to remove the metal impurities which they contain ^ud make them suitable 
for smelting. Tin concentrates from other localities, where the original ore 
deposits do not contain the metal impurities, require much less treatment to 
prepare them for smelting, and some tin ores are successfully smelted after simple 
mechanical concentration to remove the gangue. 

Generally speaking, the tin concentrates from vein deposits, particularly those of 
Bolivia, require the most extensive preparation licfore smelting, and the tin concen- 
trates from placer deposits require the least preparation. 

A number of methods are used to remove the metal impurities from the tin con- 
centrates before smelting, and these methods might be somewhat broadly classified 
as follows: (1) roasting, followed by further mechanical separation of minerals which 
are broken away from the cassiterite by roasting, or are altered in such a way as to 
change their specific gravity and make them more amenable to mechanical-concen- 
trating methods; (2) roasting, followed by leaching with water or with acid solution — 
dilute solutions of sulphuric acid and hydrochloric acid are sometimes used in this 
process; (3) heating with sodium carbonate or salt cake (sodium sulphate) followed 
by leaching with water; (4) chloridizing roast with sodium chloride (salt), followed 
by leaching with water or hydrochloric acid; (5) the removal of metal impurities, 
present in the form of sulphides, by oil flotation. 

Roasting Followed by Mechanical Concentration. — Cassiterite is not decom- 
posed or appreciably altered when calcined at a red heat, but many of the associ- 
ated minerals containing other metals are so altered as to make further 
mechanical separation possible. During the roasting process, much of the sulphur 
and arsenic and some of the antimony are volatilized and removed. After roasting 
is completed, the resulting material contains tin oxide, substantially in its orig- 
inal form; oxides of iron, zinc, bismuth, and co])per; sulphate of lead; some 
arsenate of iron; and small quantities of more or less unaltered sulphides of the 
metals, together with some unaltered tungsten compounds and minor amounts of 
other mineral products. The volatile products, particularly arsenious oxide, 
are sometimes collected and recovered in bag houses or other dust-collecting 
equipment. 

Some of the associated minerals are broken away from the cassiterite and freed 
from it by the roasting treatment. When the calcined material is further treated by 
mechanical concentration methods, some of the altered or separated minerals are 
removed, producing purer and cleaner cassiterite concentrates. 

The roasting of tin concentrates is done in roasting furnaces of many types, more 
or less following roasting practice used in the metallurgy of the ores of other metals. 
The roasting may he done m hand-rabbled reverberatory furnaces or in mechanical 
furnaces of which mb.ny types are in use. Perhaps the most popular furnaces for the 
roasting of tin ore are those of the rotating-cylinder type, such as the Oxland and 
Hocking, and the White-Howell furnaces. These furnaces are made with a heavy steel 
or cast-iron cylindrical shell from 30 to 40 ft. long and from 4 to 6 ft. in diameter, 
lined with fire brick. They are placed in a nearly horizontal position and are equipped 
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with bearing rings which run on friction rollers. The furnaces are driven by gealti 
attached to the shell, and rotate at fairly low speed. 

The charge end is slightly higher than the discharge end, which arrangement 
causes the material in the furnace to slowly pass through as the furnace rotates. 
Coal or oil is used for fuel, and the heat is usually admitted at the discharge end. 

Roasting furnaces of the fixed-heartli revolving-rabble type are also used; furnaces 
of this type are the We^e, Herreshoff, MacDougall, Ridge, Pearce turret, Merton, 
and other furnaces of similar construction. Most of these furnaces have hxed cir- 
cular hearths with revolving rabble arms mounted on a central vertical rotating shaft. 
The rabble arms are fitted with rabbles which slowly stir the charge and carry it 
around the hearth as the rabble arms revolve. Some of the furnaces of this type have 
but a single hearth, while others have several hearths, one above another, all operated 
by the same central shaft. The top of the furnace is sometimes used as a drying 
hearth to remove tlie moisture before ihe charge is fed to the first enclosed hearth. 
The furnaces are usually built of fire brick, with arched-roof and sometimes arched- 
floor construction. 

The roasting problems involved do not differ materially from those oncounterocl 
in the roasting of the ores of other metals. The larger multiple-hearth roasting 
furnaces and the larger rotatmg-eyhnder furnaces have about the t^amo capacity, 
and about 1 ton of tin concentrates per hour can be satisfactorily roasted in such 
furnaces. The fuel consumed is from 100 to 300 lb. of coal per ton of tm conci^nirates 
roasted. It is generally desirable to crush the ore or concentrates before roasting, 
and satisfactory results are usually obtained if the material is crushed to pass about 
a J^-in. screen. To maintain proper roasting conditions, it is usually desirable to keep 
the roasting furnaces at temperatures of 550 to 1’he type of furnace, kind of 

fuel, and roasting cost depend on the local ion, character of the labor, kind and amount 
of impurities in the tin concent rates, and other conditions winch affect roasting prob- 
lems in general, and which have been completely described in many metallurgical 
treatises. 

Roasting Followed by Leaching. —Instoad of mechanical eoneentration follow- 
ing the roasting of the tin concentrates, the calcined material is sometimes leached 
with water or acid solution to remove jiroducts which have bee A made soluble 
by the roasting treatment. 

licaehing with water sometimes removes certain soluble compounds, but leaching 
with dilute acid solulions is more effective, as some of the products formed during the 
roasting process are readily soluble in acids, although insoluble in water. 

Heating with Sodium Compounds. — ^Pome tin concentrates contain tungsten 
compounds, which are not greatly affected by simple roasting. When these 
compounds are heated with sodium carbonate or sodium sulphate to about 000®C., 
sodium tungstate is formed If the process is carried beyond the stage of the 
formation of sodium tungstate, some sodium stannatc is produced, and for that 
reason an excess of sodium "carbonate or sodium sulphate should be avoided. 

In t.hig process the tungsten minerals react with the sodium compounds to form 
sodium tungstate, which is soluble in water and may be removed by leaching the 
treated material with water m a properly constructed vat. The sodium tungstate 
may be recovered from the solution by evaporation, and after being suitably purified 
has a ready market. 

The process should he controlled by regulating the amount of sodium carimuale 
O! sodium sulphate so that it will be prm'nt in Hiiffieient quantity to combine with 
the tungsten but will not be present in excess so as to combine with some of the tin. 
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Tills process has been used in several locabties, but the results have not been 
entirely satibfactory, and the process is not used to any great extent at the present 
time. Tlie removal of tungsten minerals by hand pickmg is perhaps the most satis- 
factory method and is the one generally used when it is found necessary to remove the 
tungsten minerals before smeltmg 

Jennings and Dolan* have proposed a method for removmg impurities from tm 
concentrates by heating the concentrates with acid sodium sulphate (bisulphate) 
instead of salt cake They state that the oassitente is not affected by this treatment, 
and that many of the other impurities are converted to soluble sulphates and may 
be leached out with water. 

Chloridizing Roast. — When the tin concentrates are contanunated with 
sulphides of the other metals, a chloridizing roast, followed by leaching, is some- 
times used to purify the concentrates before they are smelted When the 
sulphides of many of the common metals are roasted with salt m an oxidizing 
atmosphere, the sulphur becomes oxidized and combines with the sodium of 
the salt as sodium sulphate, while the metals combine with the chlorine in 
the form of chlorides Cassiterite is practically unaffected by the chloridizing 
roast 

CVimparativcly little information has been obtained in legard to the chloridizing 
of tin ores and concoiitratoh, but in the metallurgical operations carried on in connec- 
tion with the treatment of the ores of other metals it has been found that the chlorides 
of some of the metals are fairly volatile , and in the chloridizing roast such metals as 
bismuth, lend, arsenic, antimony, and silver may be partly removed in the form of 
fume The chloricics of some of the metals which remain with the calcmed concen- 
trates ^c soluble in water or dilute acid and may be removed by suitable leaching 
and ^imlihing 

Leaching of the calcined concentrates with water or dilute acid is usually done m 
wooden vats, properly (‘onstruc ted, and, in some cases, fitted with filter bottoms in 
a somewhat similar way to the percolating tanks used in cyamdmg gold ores 

The clilondi/ing roast is carried on in furiiacc^s biinilar to those used for dead roast- 
ing, the piincipal differenc e being that from 1 to 5 pei cent of salt (NaCl) is mixed with 
the ore or concentrates befoie thc»y are charged to the c hloridizing furnace (See the 
chapter on Chlorine in Metallurgy, this book, foi further information on this subject ) 

Oil Flotation. — The separation of metal sulphides from other minerals by 
means of oil flotation has been perfected in connection with the metallurgy of 
other metals and has piomising application m the purification and preparation of 
tin ore or cone entiates lor smelting The sulphides of most of the common metals 
are easily floated undei proj^er conditions which arc not difficult to obtain, and 
cassiterite is pi ac tically unaffected, permitting separation of the metal sulphides 
from the tm mineral. 

In this well-known process the finely ground ore is* mixed with water and is vio- 
lently agitated Oil in small amount, sometimes only a fraction of 1 per cent, is 
added, and the agitation is continued until a heavy froth forms and floats on the sur- 
face, Minute globules of oil become attached to the small particles of metal sulphides 
because of some special affinity or surface-wetting property of the oil for sulphide 
minerals, and in this way the oil brings the particles of sulphide mmerals to the 
surface and causes them to float in the form of a froth This action produces a 
separation of the metal sulphides from the cassitente and gangue, which sink m the 
water m which the flotation is earned on. 



Different kinds of oil are used for different sulphide minerals^ and^ by judicious 
selection of the oil and certain chemical additions to the water m which the flotation 
is carried on, not only complete flotation of practically all of the sulphide minerals is 
obtained, but it is even possible to produce a selective dotation which removes one 
or more sulphide minerals and leaves the other sulphides unfloated. A further change 
in conditions renders additional sulphide mmerals subject to the flotation action, and 
they may then be removed as separate concentrates. 

In the past, flotation^as not been extensively used in preparing tin ores or con- 
centrates for smelting, but the process is directly applicable to such work and may 
assume considerable importance in the future. 

Summazy of Ore-preparation Methods. — The common metals which, m 
the form of sulphides, are often associated with cassiterite and remain as impurities 
in cassiterite concentrates are Pb, Bi,^b, Zn, Cu, and Fe. Arsenic is often pres- 
ent in the form of arsenides or arsenates of iron or other metals. Tungsten, 
when present, is usually in the form of tungstate of lime or other bases. 

Mechanical concentration removes the ganguc, but usually docs not successfully 
remove the metal sulphides, because the specific gravities of most of 1 he metal-sulplude 
minerals are not sufficiently different from the specific gravity of cassitente to make 
mechanical separation possible. 

Roasting will remove most of the sulphur and arsenic in the form of sulphurous 
and arsenious anhydrides, converting the metals with which they were previously 
combined into oxides. The sulphides of iron, copper, bismuth, imd zinc are converted 
to oxides by roasting, and sulphide of leail ib largely con\ertcd to Huli)hato. After 
roasting, the oxides of bismuth, zinc, and copper may be icmoved b> leaching willi 
dilute acid. Tungsten may be removed by heating with sodium carbonate or<^iurn 
sulphate, followed by leaching wnh water. Lead, bismuth, antimony, and silvSwiay 
be removed by a chlondizing roast, followed by leaching with acid. Practically all 
of the metal-sulphidc minerals may be removed by oil flotation. It will, therefore, be 
seen that a suitable selection of one or more of the punfication methods, winch have 
been described, will enable the metallurgist to remove most of the metal impurities 
contained m the tm concentrates and prevent their reduction witli*the tin m the 
smeltmg operation. 

Tin IS a high-priced metal, and, m comparison with some of the other common 
metals, the production of tin is small. No very large tonnage of tin ore or concen- 
trates is smelted at any one tin-sm citing plant. 

The tin ores or concentrates arc usually shipped from the rnmes in saeks and aie 
sampled before going to the storage bins or to the treatment oi smelting departments. 
It IS the usual practice to sample each lot bv takmg each tenth sack and leducmg the 
sample so obtained by coning and quartermg or with a mechanical sampler until a 
sample of suitable size for assay is obtained. 

Because the tin is so valuable, the concentrates must be carefully handled to 
prevent loss of dust m sampling, during transfer to the storage bins and while charg- 
ing to the roasting and smelting furnaces. 

Smelting.— The tin metallurgist is fortunate in receiving the tin in the form 
of oxide instead of in the form of more complex compounds which would probably 
introduce metaUurgical difficulties. The reduction of tin from its oxide to ite 
metallic form is not difficult, .as the reduction takes place readily when tm oxide 
is heated to fairly high temperatures in the presence of reducing agents, such m 
carbon. An excessively high temperature is not required to brmg about the 
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retluHion of tbo tin U) thp mof allic form. The temperature required for HmeitinR 
is largely determined by the composition of the slags which arc formed, as the 
smelting temperature must be such as to produce liquid slags which will p^mit 
the reduced tin to settle and collect in the bottom of the furnace. 

The smelting of tin offers problems similar to those encountered in the smelting of 
ores of other metals, and the general statement might be applied to all reduction smelt- 
ing of this type that the results are always better if thecsmelting temperature is 
reached as quickly as possible. 

Two distinctly different smelting methods are followed, and the two methods 
make use of furnaces of entirely different types. In one method the tin concentrates 
are smelted in shaft or blast furnaces, and in the other they are smelted in reveibera- 
tory furnaces. The older method and the one which was in most general use during 
the early life of the tinnsmelting industry pf the world is shaft- or blasMumace 
smelting. 

Reverberatory smelting of tin ores and concentrates did not come into use until 
well along in the eighteenth century and did not reach full development until the 
middle of the nineteenth century. 

In the smelting of tin ores and concentrates the end desired is to produce as much 
reduced metal as possible and to make slags of such composition that they will be 
liquid at the smelting temperatures and permit the reduced tin to settle thmugh them. 

It is also desired to produce slags as low in tin as possible, as the principal loss in 
tin smelting is in the tin carried away by the slags, but the making of low-tin slags is 
not of the greatest importance in the first or primary smelting of tin ores or 
concentrates. 

Tin smelting does not differ materially from the smelting of the ores of other 
metals, except that the reduction is simpler, and, because of the absence of appreciable 
quantities of sulphur, matte is not formed. The smelting of tin would appear to be a 
fairly simple process, and, as far as the actual smelting operation is concerned, the 
process is not complicated. The great difficulty in tin smelting is introduced by 
the fact that tin oxide combines readily with silica to form silicates of tin, and during 
the smelting of tin concentrates mixed with flux and fuel a considerable amount of tin 
invariably combines with silica and goes into the slag m the form of readily fusible 
silicates of tin mixed with the other more or less complex silicates which make up the 
slag. On the other hand, if an extremely basic slag should be used, tin wilhact as an 
acid, and again enter the slag. 

In smelting ores of lead and copper, it is comparatively easy, with the production 
of metal, matte, and slag in the case of lead smelting, or with matte and slag in the 
case of copper smelting, to hold practically all of the lead and copper in the metal or 
matte, as the case may be, and prevent it from going into the slag. In tin smelting, 
however, while a large proportion of the tin is reduced and recovered in the form of 
metal, an unduly large amount invariably fluxes with silica and goes into the slag. 
The amount of tin contained in practically all slags from the primary smelting of tin 
concentrates is so extremely high that such slags cannot be discarded but must be 
retreated for their tin contents. As it is necessary to resmelt the first,-run slags, it is 
important to use only a small amount of fluxing material in the smelting of tin con- 
centrates so as to produce a minimum amount of slag. 

The smelting of tin, therefore, embraces three distinct stages: the primary smelt- 
ing of the tin concentrates in a blast furnace or in a reverberatory furnace with the 
proper addition of fluxes and fuel; the retreatment of the first-run slags to recover the 
tin which they contain; and, finally, the refining of the* reduced metallic tin remove 
the metal impurities which are reduced with the tin in the smelting process. 



Smeltiiii in the ttast Fuxiuice«~^Historieal records seem to show thet tin 
was first recovered by smelting cassiterite in small, crude, hand-operated shaft 
furnaces which required some draft. Natural draft was probably used in some of 
the early furnaces, .and later on forced draft, created by hand-operated blowers, 
was introduced. 



Fig. 5. — Small Chinese blast furnace. 


Some very crude small furnaces are still in use in the Far East, where fairly pure 
cassiterite mixed with charcoal is fed into small shaft furnaces. No scientific attetnpt 
is made to produce slags of any particular composition, and the amount of impurities 
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in the ore which is being treated is so small that fairly high reduction of metallic tin 
is obtained. 

Some of the original shaft furnaces used in the Far East were simply hollow pits 
dug in the ground. The blast for such furnaces was often obtained by means of 
hand bellows. Some of the smaller Chinese shaft furnaces consist of bamboo forms 
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lined with clay. A small Chinese tin*smelting furnace operated with a hand blower, 
such as is still being used in many semicivilized portions of the Far East, is shown 
in Fig. 5. 

With the introduction of the tin ores from Cornwall, the metallurgy of tin in 
England received much scientific thought, and a large amount of metallurgical ^il] 
was devoted to it. The crude furnaces used in the Far East were soon replaced by 
larger furnaces, and the old familiar blast furnace (known as the Cornish tin castle 
was developed. This was a shaft furnace constructed enti^ly of stone or brick, and, 
in its best form, was operated with positive blowers of the Roots type. Charcoal was 
largely used for the fuel during the early development of tin smelting in England, but 
was later replaced by coke The shafts of these furnaces were fairly low, and the 
furnaces had comparatively small capacity. A typical “Cornish tin castle" is shown 
in Fig. 6. 

At the present time some modern steel water-jacketed blast furnaces are in use in 
different parts of the world where tin concentrates are smelted in shaft furnaces. The 
blast furnaces have a fairly low shaft, and are operated with comparatively low blast 
pressure. With the exception of the low shaft, the furnaces are of the modem lead- 
smelting type, and metal and slag are produced according to regular blast-furnace 
smelting practice. 

Blast furnaces for the smelting of tin concentrates are operated with coke fuel, and 
are fluxed with limestone, silica, and other materials to produce easily fusible slags 
similar to the slags made in tlie smelting of the ores of other metals. 

The charging, fluxing, and operation of tin blast furnaces correspond approximately 
to similar operations in the blast-furnace smelting of other metals. The principal 
difference between tin smelting and the smelting of other metals is in the tin which the 
slags contain. 

While the formation of tin silicates as part of the slags is an economic difficulty, 
it does not introduce any metallurgical troubles, as the silicates of tin have low melt- 
ing points and do not hinder the satisfactory operation of the furnace. Slags made in 
blast furnaces smelting tin concentrates are usually high in tin and may often contain 
from 10 to 25 per cent of tin in ordinary practice. 

A brick-lined settler or forehearth is sometimes used to collect the slag and metallic 
tin as they aro, tapped from the blast furnace. The slag usually overflows from the 
settler into slag pots, which are taken away, and the slag is poured into water to 
granulate it while still molten, or the slag is removed after it has become solid, and is 
broken up and reserved for retreatment, to recover the tin which it contains. 

At intervals the reduced metallic tin is tapped from the bottom of the settler and 
is run into cast-iron molds. The pigs or slabs of tin are removed from the molds and 
arc taken to the refinery for further treatment to remove the metallic impurities 
which the tin contains. 

Alexander* has proposed a modification of the blast-furnace smelting of tin con- 
centrates in which the concentrates are first sintered with from 7 to 10 per cent of coal. 
The sintering operation is said to remove about 70 per cent of the sulphur and to leave 
the sintered material in the form of a cake w’hich may be easily broken. The sintered 
material is fed into a blast furnace with coke and,* if desired, some slag which must be 
rosmelted for the tin which it contains. The claim is made that , by using this process, 
slags low in tin and reduced metal low in impurities are obtained. 

Smelting in Reverberatoiies. — The use of reverberatory furnaces for the 
smelting of tin concentrates dates back to the early part of the eighteenth cen- 
tury, when reverberatory tin-smelting furnaces were introduced into Cornwall. 
From that time on they came more and more into favor until at the present time 
most of the modern tin-smelting plants in various parts of the world use rever- 
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beratory furnaces, not only for the primary smelting of tin concentrates, but also 
for retreating the slags to remove the tin which they contain. 

By the use of reverberatory furnaces instead of blast furnaces it is possible to make 
somewhat cleaner slags in the original smelting of tin concentrates as well as in the 
resmelting of first-run slags, and the metallurgical operations are more readily con* 
trolled. Because tin is such a valuable metal, it is important to reduce the dust losses 
as much as possible, and reverberatory furnaces are particularly suited to the smelt- 
ing of fine tin ores and concentrates, as the dust losses in reverberatory smelting are 
much less than in blast-furnace smelting. 

The reverberatory furnaces generally used for tin smelting are constructed of fire 
brick and vary greatly in size, the largest of them having a hearth about 30 ft. long 



and 12 ft. wide. They usually have the fire bov at one end of the furnace and the 
flue at the opposite end. Long-fifinfe bituminous coal is usually used for fuel, all hougli 
oil is an excellent fuel for reverberatory smelting of and v<»ry satisfactory results may 
be obtained with it where the cost is not prohibitive. ' 

A typical Cornibh revei beratory tm-sineltmg furnace is shown in Figs. 7, 8, and 9. 

The larger furnaces will take from 8 to 12 tons of charge in each batch. The 
charge consists of tin concentrates with 15 to 20 per cent of anthracite screenings and 
small amounts of sand, hmestone, slag, and refinery by-products. The charge is 
well mixed before it is fed to the furnace, and the process is a batch operation, a 
complete charge being fed to the furnace, smelted, and the furnace tapped before a 
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(ihargc in pul in. 'Jlin pn>|K‘r twtiiiKjraluro for <»i>oratiiig tin revorWratory 
furnaces is from 1200 to 1300®C. For the larger furnaces 10 to 12 hr, are usually 
required to smelt each charge. 

When smelting tin concentrates, a fairly large amount of tin is allowed to go into 
the slag, because it has been found that such practice tends to produce reduced metal 
containing a minimum amount of impurities. The object is not so much to keep 
the tin out of the slag as it is to keep the impurities out of the reduced tin. 

After a batch is smelted, it is tapped from the furnace tthrough a single tap hole, 
and the reduced metal and slag are allowed to run into a large brick-lined settler, or 
fore-hearth. From the settler the slag usually overflows into cast-iron slag pots which 
are mounted on trucks and are drawn away on the slag track as soon as they are fllled. 
To remove the slag from the pots the lower ends of bent iron bars are soiq^iiues 
immersed in the slag while it is still molten, and after the slag solidifies it is lifted from 
the pots by means of these bars. , 



Fig. 8. — LoiiKitudinnl sootion, C'cniisli reverberatory tin furnace. 


Slag obtained from the first smelting of tin concentrates contains so much tin that 
it should be resmelted, and after the slag cakes are removed from the pots they arc 
to the broken up and crushed to pass about a •'*i-in. ring. The crushed slag is trans- 
ferred to slag-storage bins, where it is kept until required for slag-smelting charge. 
Reverberatory-furnace slags, obtained from the first-nin smelting of tin concentrates, 
usually contain from 10 to 25 per cent of tin. 

The molten metallic tin is tapped from the bottom of the settler and is cast into 
pigs or thin flat slabs, weighing about 75 lb. each. The tin is usually cast in the form 
of slabs, as it has been found that the flat slabs are particularly suitable for charging 
to the refining furnace. 

After the furnace has been tapped, the next charge is immediately introduced 
before the furnace has a chance to cool. Successful smelting requires that the charge 
shall be melted as quickly as possible so as to reduce the tin rapidly and prevent it 
from going into the slag. The charge is stirred at intervals with iron hoes attached to 
long iron handles which are operated through the side doors of the furnace. The 
stirring should be deep so as to remove any of the unsmelted charge which adheres to 




the bottom of the furnace. Ae soon as the appearance of the charge indlestes that 
it is completely smelted, the charge should be tapped from the furnace. 

Tinnsmelting reverberatory furnaces are constructed of fire brick and have a fire- 
bnck hearth (doping toward the tap hole, which is usually placed at about the center 
of one side of the furnace and low enough to drain the furnace completely when the 
tap hole is open. 

The roof is of arch construction, and, as in other reverberatory smelting furnaces, 
the roof should be sprungffrom and supported by heavy continuous steel-beam dtew- 
baoks, so that damage to the side walls will not endanger the roof, and side-wall repaun 
may be made without affecting the roof 

The furnaces are usually charged through several charge holes placed at regular 
mtervals down the center of the furnace roof The charge matenal is often kept in 
small feed bins located above the charge holes, each bin holding enough material for 
one or more charges, as desired • 



Some of the tin coinpounds aic soniowhat \olatile .it the smelting t< inperatuies, 
and even under the best conditions eonsiderabli tin passes out of tin* furnace in the 
form of fume and dust Suceessful smelting operations rcciuire the use of dust-collect - 
jiig equipment in connection with the smelting furnaces 

Slag Smelting.— Slag produced in the first-iun smelting of tin concentrates, 
in either a blast or a reverberatory furnace, invariably contains so much tin that 
it IS necessary to retieat it before it may he thrown away. First-run tin slag is 
retreated in either a blast furnaefe or a reverberatory furnace of the same general 
type as is used for the smelting of tin concentrates. ^ 

The cost of smeltmg slag in a blast furnace is probably somewliat less than in a 
reverberator> furnace, but the second-run slag obtained from a blast furnace usually 
contains more tin than similar slag made in a reverberatory furnace, * 

In smelting slag the main object is to reduce to the metallic form the tiu which is 
contained m the original first-run slag in the form of tin silicates, (i<*nerally sp«-ak- 
ing, a higher tempeiaturc is required for slag smelting than for thc‘ smelting of tm 
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concentrates^ because it is more difficult to reduce tin to the metallic form from the 
silicates of the slag than from the oxide in the concentrates. 

A fairly large amount of reducing matezial is required in the smelting of slags> and, 
when reverberatory furnaces are used, the reducing material is usually added to the 
charge in the form of anthracite screenings. Some limestone is usually added as a 
fluxing material. Sometimes metallic iron in the form of scrap or other readily obtain* 
able material is added to the slag-smelting charge to replace the tin in the silicates of 
the slag and to permit the reduction of the tin to the metallic form. lime is some- 
times depended on to react with the tin silicates to bring about the same result. 
Metallic tin produced in the smelting of slags is usually very impure and generally 
contains a large amount of iron in the form of the tin-iron alloy, known as *‘hard head,” 

The removal of the tin from the first-run slag is one of the most difficult operations 
which the tin metallurgist encounters, and successful slag smelting requires great 
care and expert control. Unless the slag-sm^dting operations are carefully conducted, 
the second-nin slags will bo high in tin. 

In the best practice, tin* slag resulting from the slag smelting should not contain 
more than 1 per cent of tin, but second-run slags often contain more than 1 per cent 
of tin, and not infrequently slags containing 3 per cent or more are discarded. 

Generally speaking, the metallic tin produced in the smelting of slag, and also the 
metallic tin produced in the primary smelting of tin concentrates, require some 
refining before they arc ready for the market. 

Some of the richer slags from the first smelting of tin concentrates, and also by- 
products from the refinery and from slag smelting, are returned to the tin-concentrate 
smelting furnace and are added to an original tin-concentrate smelting charge. 

When reverberatory furnaces are used, from 16 to IS hr. are required for smelting 
a slag charge. Slag smelting in reverberatory furnaces is a batch proc(\ss, the same as 
tin-concentrate smelting, an entire charge being smelted and tapped from the furnace 
before the next charge is put in. Reduced metal and slag are handled in settlers and 
slag pots in a manner similar to the handling of such materials from a tin-(joncentrate 
smelt. The slag is removed from the* pots and is broken up and thrown away, or is 
poured over the dump while still molten. 

Refining.— -Most of the reduced tin obtained in the smelting of tin con- 
centrates or slag must be refined befon* it is ready for the market. The tin 
bbtained from the first smelting oi)eration contains many metallic impurities 
which were reduced with the tin and are alloyed with it. The kind and the 
amount of im]3uriti(\s which the tin contains dei)end largely on the metal impuri- 
ties in the original tin concentrates, and, for that reason, the tin obtained from 
the smelting of some tin ores requires much more refining than does the tin from 
other ores. 

Two methods of refining tin have been used extensively and successfully. In the 
first of these methods the tin is refinea by heat treatment, and in the second by electro- 
lytic treatment. 

The heat-treatment method is the method generally used in various parts of the 
world, and, although many modifications have been adopted in different places, tin 
is refined in substantially the same manner in the different localities. 

The refining may consist of one or both of two operations : The first is liquating or 
sweating; and the second, boiling, tossing, or poling. Where both liquating and boiling 
are necessary, the tin is always liquated first and is then subjected to the boiling treat- 
ment. Liquating is done in a comparatively small sloping-hearth reverberatory fur- 
nace built with the fire box at one end and the flue at the other. The hearth usually 
slopes to one side toward a large door or tap hole, which discharges continuously into 
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either o&e ol two outside cast-tirou kettles. A Conush liquatiiig fuitisce is shown in 
Fig. 10. 

The object of liquation is to remove from the tin all metallic impurities, alloys, 
and compounds which have melting points appreciably higher than the meltmg point of 
tin, and by this process the tm is separated from the metallic impurities by liquating or 
sweatmg it at a temperature just slightly above its melting pomt 

The bars, pigs, or slabs of tm obtained from the first smelt are placed on the upper 
side of the hquating-^fumoce hearth The furnace is kept at a icrajierature just 



Fig 10 — C urnish liquaiiiiK furnaco 


slightly above the nielling point of tm, a slow file being used for this purpose Long- 
flame bituminous coal is used for fuel, and the tcmjitniturc is c irefully regulated 

The bars or slabs of tm are piled on ea( h other with spaces between them, and the 
tin soon begins to melt and run down The melting is slov^ , as the sin cess of tlie 
opeiation depends on i areful regulation of the temperature so its not to melt the metallic 
impunties which are present in the form of alloys and compounds associated with the 
tin. 

The clean tm runs from the furnace into one of the outside kettles, leaving the 
residue on the heartli. After the metal which melts at a low temperature has been 
sweated out, the dross remaining in the furnace is pushed toward the fire, and the 
temperature is raised until all possible metal has been removed. This second sweated 
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m catight in the other kottle» an it is so impure that it should not be miaed writli 
the metal obtained from the first sweat. The second metal is cast into pigs or slabs 
and is resweated with the next charge. 

After the second metal has been sweated from the dross^ the temperature is again 
raised and the dross is thoroughly roasted. The final roasted residue is resmelted with 
an original tin-ooncentrate charge in the tin-concentrate smelting furnace. 

Many impurities are removed in the liquating furnace^ but some of them which 
have comparatively low melting points are sweated out rvith the first sweat metal. 
Most of the iron is removed in the liquating furnace as it remains with the dross, but a 
small amount goes into the sweated tin. Most of the lead and bismuth also go into 
the tin. Much of the arsenic, antimony, and copper remain with the dross. 

The first sweat tin which collects in the cast-iron kettle outside the liquating 
furnace is usually boiled or tossed to complete the refining. The kettle holds from 
6 to 10 tons of metal and is usually separately heated by a coal fire underneath it. 
The metal in the kettle is heated to a temperature considerably above its melting 
point, and the boiling operation is carried on by stirring the molten metal with a pole 
of green wood or by immersing in it a bundle of green-wood sticks held together by iron 
bands. At the high temperature of the metal the green wood undergoes destructive 
distillation, and the steam and gases resulting from the distillation of the wood are 
given off beneath the surface of the metal and produce a stjong boiling or bubbling 
action in the bath. (Cy. Copper Poling, p. 961.) In this way the different portions 
of the metal bath are brought to the surface and exposed to the air. Some of the 
metal impurities and part of the tin are oxidized, and the oxide drosses collect on the 
surface and are skimmed off from time to time. These drosses are resweated or are 
smelted with an original tin-concentrate smelting charge in the same way as the 
residues from the liquating furnace. In some of the more modern refineries the boiling 
is done by agitating the molten metal with compressed air instead of green-wood sticks. 

The boiling operation is carried on until the desired grade of refined metal is 
obtained. If the tin contains fairly large amounts of impurities, the boiling is some- 
times continued for many hours. The metal must not be heated to an excessively 
high temperature, as boiling at a high temperature causes e large amount of the tin 
to become oxidized. 

Tossing consists in filling hand ladles with the molten tin and pouring the molten 
metal back into the kettle, thus exposing it to the oxidizing action of the air. Tossing 
produces oxidized drosses similar to the drosses which form in the boiling operation. 
Boiling is the method ustudly used, and both tossing and boiling are hardly ever 
employed at the same refinery. 

Iron is almost completely removed by the boiling operation, and other impurities, 
principally arsenic and antimony, are greatly reduced in amount. 

After the refining has been completed and the dross has been skimmed from the 
kettle, the surface of the metal will have a clean bright appearance, and the tin is then 
removed, usually by hand ladles, and is cast into pigs ready for the market. Great 
care is exercised in casting the pigs ^o as to give a fine appearance to the metal. Tin 
tends to oxidize on the surface while in the molten condition, and for that reason the 
metal is poured at a temperature just slightly above its melting point. The metal is 
poured into cast-iron molds, which are filled quickly and are skimmed lightly on the 
surface with a wooden paddle just before the metal solidifies. 

The electrolytic refining of tin has been successfully used at one refinery in 
the United States, but, because of economic conditions previously discussed in 
this book, tin smelting and refining in the United States were abandoned in 1923 
^and, with the closing down of this American electrol}’tic-tin refinery, the electro- 
lytic-refining process is no longer used to any extent. 
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Ab m the deetrolytic refining of other xoetale, many impurities priginaily contained 
in the tin* are removed by this process, and very pure tin is produeed. Because of the 
possibility of removing the metallic impurities from the tin, it is not so essential, 
when electTol 3 rtic refining is to follow the smelting operation, to remove the other metal 
minerals from the tin concentrates before smelting. The refining is carried on in the 
usual way in electrolytic cells, tin being deposited on the cathode and minor amounts 
of other metals being recovered in the form of by-products. The patents state that, 
as originally developed, fhe electrolytic tin-refining process made use of an electrolyte 
of hydrofluosilicic acid containing sufficient sulphuric acid to combine with the lead 
present to form lead sulphate. In the later modifications of the electrolytic-refining 
process, the electrolyte consisted of hydrofluosilicic acid containing some sulphuric 
acid, a small amount of cresylic acid, and glue. The hydrofluosilicic acid used was of 
about 15 per cent strength and had about 4 per cent of tin dissolved in it. 

Vail® states that at the American reftnery where this process was used the refining 
was done in sixty-eight tanks similiar in size and construction to those used for copper 
refining. The tanks were of wood construction and were lined with asphaltic 
material. Hnrd-rubber fittings were used for the pipe lines, which carried the electro- 
lyte. Each tank contained about 11,000 Ib. of tin anodes, and the cathode starting 
sheets were of tin in. thick, 'fhe current density was about 12 amp. per square 
foot, and the deposition per ampere-hour was about double that of copper. Vail also 
states that, before being cast into anodes, the tin obtained from the smelting of tin 
concentrates was first subjected to refining by liquating and boiling. A general 
description of the process is given in the patent specifications.® 

Methods of Assay and Analysis. -There are two g«‘neral luethodH in use for 
determining the amount of tin in ores and other products; the fire assay and the 
volume trie wet analysis. 

The fire assay for tin is usually conducted in the following manner: (Irind slightly 
more than 5 g. of the sample until il will pass through a lOO-mesh screen. Dry at 
100°C., cool, and weigh out exactly 5 g. into an wide-mouth flask. Add 100 c c. 
hydrochloric acid (concentratisl) and digest at a low lient until the volume is reduced 
to about 15 c.c. Add 50 c c. nitric acid (concentrated) and continue ^he cvapoiation 
to a volume of 10 to 15 c.c. Add about 200 c c. of water, boil, and allow to stand 
Filter on double filter papers containing paper pulp, washing with warm water just 
acid with nitric acid. If tungsten is present, treat with ammonia (concentrated) and 
again filter and ash with w atei . Transfer the precipitate to a porcelain crucible and 
ignite. Brush the contents of the crucible onto a clean slieot of glazed paper, break up 
lumps with a spatula, mix thoroughly with 20 g. of sodium cyanide (free from 
chlorides), and transfer to a 20-g clay crucible in which has been placed 4 or .'5 
g. of sodium cyanide. C’over with sodiiiin evanide, fuHf‘ in a inuffic furnace at a 
red heat for fnim 20 to 25 inin., cool, wasli with water, break crucible to obtain the 
button, clean the button, and soak in hot water to remove adhering cyanide. Dry 
and weigh. Run in duplicate. Duplicates should agree within 0.15 per cent. 

The volumetric determination of tin is very useful and is applicable to nearly all 
kinds of ores, metallurgical products, and other materials containing tin. A number 
of volumetric methods have been proposed, the best of whfch depends on the titration 
of staiyious chloride with standard iodine in cold hydrochloric acid solution. This 
is called the Pearce-Lowe method,^ and is one of the simplest, shortest and most accu- 
rate for the volumetric estimation of tin. It depends on the oxidation of stannous 
to stannic chloride by iodine in cold hydrochloric acid solution according to the 
equation. 


SnCl* + 2HCI H- l 2 « SnCh + 2HI 
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Starch solutioii is used as indicator. A small amount of sulphuric arid Is not 
objectionable, but nitric acid and nitrates must not be present. 

The method requires that the tin shall be brought into solution in hydrochloric 
add. When posrible, the finely ground sample is dissolved directly in hydrochloric 
acid; in some cases the addition of a small quantity of potassium chlorate, antimony ^ 
chloride, or platinic chloride, or the presence of a piece of platinum foil, accelerates 
solution. In the analysis of materials containing sulphides or certain alloys, a mixture 
of hydrochloric and nitric acids may be used, followed by treatment with sulphuric 
acid and then with hydrochloric acid. Siliceous products frequently respond to treats 
ment with hydrofluoric acid. 

For the decomposition of insoluble rilicates, furion with alkali carbonates is 
effective. Practically all silicates are decomposed by this process, but it is not suitable 
for use with samples containing insoluble tin oxide, and if sulphides or salts of tin 
soluble in acids are present they should be reiqpved before the fusion process is applied. 
The addition of 10 per cent of borax to the alkali carbonate accelerates the decomposi- 
tion in some instances. 

Acid-insoluble residues may be decomposed by fusion with sodium or potassium 
hydroxide, the melt being subsequently dissolved in hydrochloric acid. This method 
is perhaps the most useful of the fusion processes; since it is applicable to almost all 
products and generally requires only a very simple preliminary acid treatment. An 
iron crucible is the most suitable for use with this process. 

Sodium peroxide may also be used for the fusion process, but it corrodes the cruci- 
bles very rapidly, and generally its disadvantages more than offset the extra speed 
gained by its use. The addition of organic matter to the peroxide, to furnish the 
necessary heat for the reaction, has been suggested as a means of preventing the 
corrosion. Quieter fusion results if zinc sulphide, iron sulphide, or potassium per- 
sulphate is added to the peroxide. 

In the final hydrochloric acid solution, the tin will usually be found in the stannic 
condition and must be reduced to the stannous condition before titration. This 
reduction is usually accomplished in one of four ways: by the use of iron in the form 
of rods; nickel or aluminum in the form of sheets or strips; or finely powdered anti- 
mony. Only pure soft iron may be used. If carbon is present in the iron, it will 
generally cause 'high results. 

The use of aluminum renders this part of the method somewhat uncertain and 
makes it difficult to control the operation. The principal objection to the use of 
antimony is that the presence of so much finely powdered material in the solution 
obscures the end point. The only objection to nickel is the light-green color given 
the solution, but this does not affect the sensitiveness of the end point if the concen- 
tration of nickel salts is only that derived from the metal used for the reduction. 

The reduction and the titration are best jierformed in an atmosphere of carbon 
dioxide and in a solution containing not less than 26 per cent nor more than 40 per cent 
by volume of free concentrated hydrochloric acid. The temperature of the solution 
to be titrated should not exceed 22®tJ. 

One-half to 2 g. of the sample (depending on the percentage of tin) is first 
brought into hydrochloric acid solution. The solution is transferred to a 12-oz. 
wide-mouth conical flask; enough concentrated hydrochloric acid is added to make a 
total of 60 c.c. of free concentrated hydrochloric acid present, and the solution is 
diluted to 200 c.c. with water. A nickel coil is prepared by rolling 6 sq. in. of heavy 
sheel nickel (4 in. long and 1*2 i*'* wide) into a loose roll of such size that it may be 
easily insert e<I into the flask. A narrow strip of nickel is left attached to one side of 
the coil, long enough to reach above the top of the flask. This coil is placed in the 
flask containing the tin solution; the nickel strip is bent over the edge, and the flask 
is covered with a small watch glass. The solution is heated to boiling and gentle 



ebullHioE is maiiubai^ to 30 mb. afto sll the iitm» vWeh is present, is reduoeii 
The reduction of the iron is indiosted by the yellow color of the solution to a 

pftle green. Thirty minutes is more time than is necessary to the complete reduction 
of ^le stannic chloride from 0.5 g. of tin oxide, and if complete reduction does not 
result in that length of time either the nickel coil is too small or the nickel is inactive, 
due to impurities, and should be discarded and replaced by pure nickel. 

It has been stated, as an obiection to this method, that it is impossible to teU 
when the reduction of dhe tin is complete and that the operator may titrate the 
solution before the tin is all in the lower form. It has been found that larger amounts 
of tin than would ever be taken as a sample are entirely reduced long before the expiration 
of the time allowed for the reduction, and no trouble need be anticipated from this 
cause. 

The solution in the flask is cooled in an atmosphere of carbon dioxide generated 
by adding two cubes of crystalljpe marble to the solution. The nickel coil is 
then removed and is washed with cold hydrochloric acid solution (1 of concentrated 
acid to 3 of water) as it is withdrawn from the flask, A small amount of starch aolu* 
tion is then added and the solution titrated at once with standard iodine. 

The standard iodine solution most convenient for this titration is prepared by 
dissolving 10.7 g. of iodine in 50*c.c. of water containing 20 g. of potassium iodide 
in solution and making up to 1 1. with water. When a half-gram sample is taken 
for analysis, 1 c.c. of this solution will equal 1 per cent of tin. It may be standardized 
against tin or arsenious oxide. 

Few of the elements which are ordinarily found in materials to be analyzed for tin 
interfere with this method. Ni, Mn, Mo, Ur, O, Al, Zn, Pb, Ca, Mg, sulphates, 
phosphates, bromides, iodides, and fluorides have no effect unl(‘S8 present in such large 
amount that their color masks that of the indicator. Arsenious and antimonioufi 
compounds in weak acid solution consume iodine, but in a hydrochloric acid solution 
of the strength used in this method they have no effect. 

If about 0.1 g. or more of antimony is present in the solution, the nickel coil will 
precipitate metallic antimony lu a very slimy condition which does not settle and 
obscures the end point. This may be prevented by using a solution containing more 
hydrochloric acid. If, therefore, the sample taken contains 0 1 g. or more of 
antimony, the solution is made up to contain 75 c.c. of free concentrated hydrochloric 
acid instead of 50 in 200 c.c. of volume, before reduction. If this is done, the precipi- 
tation of slimy antimony will be prevented and no trouble will be experienced. If the 
antimony content is not known and the slimy antimony begins to precipitate during 
the reduction, an additional 25 c.c. of concentrated hydrochloric acid may be added, 
which will generally cause the antimony to dissolve and prevent further precipitation. 
If the precipitated antimony does not dissolve, another sample can be treated, adding 
more hydrochloric acid before reduction. 

Copper in small amounts has no effect on the method, but if 0.05 g. or more are 
present in the solution it will be incompletely precipitated during the reduction, the 
titration wall consume more iodine than is required by the tin, cuprous iodide will be 
precipitated, and the results will be erratic and high. 

If copper is present in the sample in large enough amount to interfere, it must first 
be removed by treatment with nitric acid* 

Bismuth is precipitated in the metallic form during^the reduction with nickel. 
In this form it is said to consume iodine slowly, but the action is slight, and, unless 
present in large amount, its effect is negligible. If it is desired to remove it, the 
metallic precipitate may be filtered and the filtrate again reduced and finished as 
usual. 

Tungsten is reduced by the nickel coil to a lower state of oxidation, with the 
formation of a blue precipitate, said to be WjO^. This is said to be slowly oxidized by 
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iodine, thufl giving high results, but the osddation is not proportional to the amount of 
tungsten present. Tungsten in amounts usually met with does not interfere to any 
extent, and its effect is only noticeable when it is present in large quantity. In case it 
should be desirable to separate the tungsten, the blue oxide may be filtered off with 
the precipitated bismuth, the solution afterwards being again reduced and titrated. 

Titanic chloride is reduced to titanous chloride by the nickel coil. In the Pearce^ 
Lowe method titanium alone or with iron is said to consume no iodine, but in the 
presence of tin large amounts of titanium will consume iodine, giving high results. 
The error caused by titanium seems to be approximately a constant one and is inde- 
pendent of the amount of titanium present. Titanium may best be removed by 
converting the tin to insoluble oxide by evaporation with nitric acid and then fusing 
for 5 min. with potassium bisulphate. The melt is dissolved in water and sulphuric 
acid and filtered. 

If titanium and tungsten are both preser^, the tungsten will remain with the tin 
after filtering the extracted melt of the bisulphate fusion. The tungsten may be 
removed from this residue by heating with ammonium carbonate solution, in which 
the tin is insoluble. 

Neither bismuth, tungsten, nor titanium, in any reasonable amount, such as is 
usually met with, interferes with the method, and they may, in general, be neglected, 
especially if the titration is performed rapidly, which, to a large extent, will eliminate 
secondary reactions. The interference of all of these metals is greatly increased by 
very slow and careful titration, which seems to accelerate their action and give them 
time seriously to affect the results. This is especially true of titanium, for bismuth 
and tungsten are not so active and, as a rule, need not be considered. 

Ferrous chloride is oxidized only by excess of iodine, and no action takes 
place unless a very largo m mount of iodine is run in and allowed to stand. Its action 
is very slow even then, and the presence of iron does not affect the accuracy of this 
method. 

A tin determination may be run through and results obtained by this method in 
about 1 ^2 hr., and the method is accurate to about 0 3 per cent. 
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CHAPTER XLIII 


MINOR AND RARE METALS 

Be, Ct, Ce, Cb, Dy, Er, Eu, Gd, Ga, Ge, Ha, Ho, In, La, Lu, Mo, Nd, Pr, 
Rb, Sm, Sc, Se, Ta, Te, Tb, Tl, Th, Tm, Ti, Yb, Yt, Zr 

General Considerations. — The final reparation of the rare earths usually 
depends on repeated fractional crystlb>llizations oi precipitations and leachmgs 
The separations are not clear cut, and the siiectroscope is Ihe final method of 
test for purity The work with the raie metab and earths theiefore requires an 
immense amount of time and patience 

One general separation of the entire gioup depends on the fact that when tartaric 
acid, ammonia, and ammonium sulphide art addt^ to the filtrate from the HjiS group 
Fe, Zn, Co, Cr, Ni, V, Al, and Mn will be precipitated (tht last two not quite com* 
pletely,) and m the solution will remain W, Ti, Zr, Ih, Be, Ca, Mg, Na, K, Li, traces 
of Al, and Mn, and the rare earths * 

From this solution, piecipitation with oxalates in acid solution, re-solution, and 
reprecipitation will give only the rare earths in the final residue 

Hopkins gives the following general procedun ® The ore is giound to a fine powder 
and extracted with acid or fused 1 he aeid is usually HCl eir ILSO^, although IlF is 
sometime^B employed 1 he fusion mixtuie may be HKSO4 NaOH or IlKF. The 
use of the fluorides is usually limited to minerals eontaining eolumlmini and tan- 
talum, since the fluorides of these eom pounds are soluble and henee ean be s'parateel 
freun the insoluble fluorides of the rare earths, which can then be de'com post'd with 
II2SO4 

The solution is saturated with hydroge 11 sulphide to throw out the eopper-tm group 
and the rare eaiths then thrown down with oxalic acid Both solutions should be 
boiling and the oxalic acid adeled slowly 

Thorium and zirconium can be removed by boiling the crude oxalate j with ammo- 
nium oxalate, which dissolves all the zinonium and most of the Ihorium Thorium 
may be completely removed by repeated treitmeuits witli ammonium oxalate, or by 
precipitation from a neutral or slightly acid solution with ILOa 

Columbium and tantalum if present, are alsei removed b> this means 

The rare-eiith oxalates remaining after extraction of the C’b, Ta, Zr, and Th arc 
then separated into the cerium-gioup earths and the yttrium-group earths James' 
method is as follows Mix the dried oxalates with enough sulphuric acid to form a 
thick paste, then ignite cautiously Diswjlye the anhydrous sulphates in le e water and 
sift m solid sodium sulphate The order of precipitation is approximately Sc, La, 
Ce, Pr, Nd, Sm (the cerium group, sulphates difficultly soluble), Eu, Gel, Tb (terbium 
group, sulphates slightly soluble), Yt, Dy, Ho, Er, Tm, Yb, Lu (yttrium gioup, double 
sulphates very soluble) The separation is not exact, and the yttrium group will 
begin to come down before all the cerium group is precipitated Consequently, to 
obtain the cenum group free from the yttnum group, much of the former must be left 
in solution. To obtain the yttnum group free from cenum enough alkah sulphate 
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must be added t6 precipitate a oonaiderable amount of the yttrium group. If the 
purification of any members of the yttrium group is purposed it is best to add alkali 
sulphate until the neodymium absorption lines can no longer be seen. 

Cerium itself may be removed by the treatment of a neutral solution with potas^ 
sium bromate and a few small pieces of limestone. The cerous salts are oxidized to 
cenc and come down as a basic precipitate. 

The cerium-earth double sulphates can be reduced by fusion with charcoal and will 
then go into solution with hydrochloric acid. * 
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Fio. 1 . — Flow sheet of precipitating rare earths 

Cerium can also be removed by the James bromate method.^ In this some small 
pieces of lime are added to the nitrate solution, to keep it neutral, and then KBrOa 
is added and the solution boiled. The cerium is oxidized to the quadrivalent condition 
and precipitates as a basic salt. 

If the crude oxalates from the mineral contain less than 20 per cent of the yttrium 
group it is well to begin fractional crystallization of the nitrates at once. When the 
yttrium elements in the soluble end of the series become abundant enough to interfere 
with the crystallization of the cerium group, then the cerium group should be sepa- 
rated with sodium sulphate. 

Except for these few general methods, the separations are long-continued fractional 
crystallizations or precipitations. Urbain and Welsbach sometimes made thousands 
of crystallizations m the effort to differentiate two of these rare earths. The process 
of fractional crystallization is very well described by Dr, Moore under Radium (see 
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1954. A tabh) of compamtive »(4ubiiito appoara bipk»w^ aiid JauM^ and Pvait’a 
mheme appeaia on page 1394 ^ 

In the more soluble end of the crystallisations it may be necessary at some time to 
throw down the rare earths as oxalates to get nd of accumulated iron and alumina. 
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The preparation of the double magnesium nitrates, which are very useful m frac- 
tional crystallizations, is carried on as follows the rare-earth oxides aie dissolved m 
nitric acid, having a slight excess of the oxides present, and then the solution is 
reduced (chiefly ceric to cerous salts) b> means of a little of the original oxalates from 
which the oxides were derned A quantity of nitric and equal to that m which the 
oxides were dissolved is then neutralized with chemically pure magnesium oxide and 
the rare-earth and the magnesium solution are then filtered and added togethei 

Basic nitrates can be made in tw o ways The first method consists in converting 
oxalates into oxidc^s, thence to nitrates, reeovermg the nitrate as a solid salt, and fusing 
until decomposition sets in In dissolving the resultant mass with water the solubility 
runs Yt, Eu, Gd, Sa, Tb, Ho, the holmium salts being Iqast soluble 

The second method consists m adding hot caustic soda little by little to a iHuhng 

solution of the nitrates , w ^ i 

In general, crystallization should be carried on by two methods used alternately, 
one of which tends to concentrate the impurities m the crystals and the other m the 
mother liquors 

I Repnntedfrom J Am Chem Soe (1910,48 
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Aldebaraniuiftt cassiopeiutu, deiiobiuiri, dubhium, and ncothuUum were the 
, names given to elements which Auer von Welsbach separated from erbium, which 
he regarded as of complex nature, and from thulium. Later investigators have 
not confirmed his findings.^ 

Beryllium. — For the extraction of beryllium from beryl, H. Copaux suggests 
the following:* Heat the mineral with two parts of Na2SiF6, forming NasAlFe 
and Na2HeP\. Crushing followed by Uxiviation renaoves most of the Be 
with a little Al. BeO, AI2O3, and Si02 are then thrown down with boiling 
NaOH, dissolved in H2SO4 and pure BeS04.4H20 crystallized out. Cb and Ta 
interfere and must be removed as oxalates. 

The separation of beryllium from the other iron-group metals can also be carried 
out by fusing with sodium carbonate. Al 2 ()a and CraOj form soluble compounds that 
can be leached out. Fe208, TiC) 2 , Zr02, rtnd BeO stay behind. A fusion with 
HKSO4 then separates the iron and beryllium. While recommended for large-scale 
use it seems a laboratoiy method. 

The preparation of beryllium from gadolinite is thus described by James.® The 
finely powdered mineral is treated with hot H 2 SO 4 to dense fumes. The solution is 
allowed to settle, is decanted, and hot oxalic acid solution added. After filtering off 
the rare-earth oxalates, KBrOs is added I 0 oxidize the oxalic acid and iron and 
beryllium precipitated together by adding a little ammonia, then sodium hydroxide, 
until the odor of ammonia is noticed. Filter. Enough hydrochloric or sulphuric 
acid is then added to dissolve about two-thirds of the precipitate, and sodium 
hydrate slowly added until the iron is almost down (as shown by testing a clear portion 
of the solution) and the solution filtered. The remainder of the iron is then treated 
with hypobromite solution at boiling, and precipitated with sodium hydroxide until 
ammonia gives a white hydroxide precipitate with it. The last trace of iron is then 
thrown out with sodium-hydrogen sulphide and filtered off. (These last two residues 
contain beryllium and are worked up with the next lots of mineral.) The beryllium 
is then thrown down as basic carbonate by adding a concentrated solution of sodium 
carbonate to the solution. The hydrogen suliihide must be boiled out before this 
precipitation. 

Beryllium has been obtained as metal by reduction of the chloride by sodium and 
potassium, in an atmosphere of hydrogen. Another process is to heat beryllium 
potassium fluoride with sodium. It has been obtained in lustrous hexagonal crystals 
by electrolyzing the double fluoride of beryllium and sodium or potassium with an 
excess of beryllium fluoride. A more recent process electrolyzes a fused bath of 
sodium and beryllium fluorides with an output of compact metallic beryllium. The 
metal is 99.6 per cent purt\ 

It has a silvery luster and when cold flattens easily under the hammer. The 
specific gravity is 1.79 and the melting point 1370®C. The metal is insoluble in cold 
concentrated nitric acid. Its specific heat is 0.4070. 

About 0.5 per cent of beryllium is added to the thorium -cerium fwdution used in 
incandescent gas mantles to give body to the mantle. 

Cassiopeium. — Soe Aldebaranium. 

Celtium (Ct). — Reported by G. Urbain in 1911 as allied to lutecium and 
scandium. In properties it lies between them. Gadolinite is its chief source. 

Cerium. — Except for the pjrrophoric alloys and cerium steels (these showing 
no great advantage over cheaper alloys), this metal has no metallurgical appUca- 

^ SiUh Akad Wiss Vienna, 1, a, 124; J. Chem Boc , 110 (11). 277. 

I Chun /nrf ,t (1910). 914. 

* J. Am, Chem tSor , SO, 876. 
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iioQS. There is a steady economic pressure from thousands of tons of aoeumu* 
lated residues in the gas-mantle industryi but no absorption into the arts* Whihi 
this is due to its price, this could not be permanently lowered because of a true 
scarcity of cerium in the earth^s crust, and any considerable use would immedi- 
ately reduce supplies to the vanishing point. 

Iianthanum, praseodymium, neodymhim, and samarium are the related elements. 

Metallic cerium cannot be obtained by electrolysis of the fused salts, except in 
finely divided condition. Escard* recommends electrolyzing a mixture of 3 parts 
BaCh, 3 parts CaF 2 , 8 parts CaClj, and 10 parts CeCh, heating the mixture in an 
electric furnace and using an iron crucible as cathode. CeCh is added as the reaction 
proceeds. At 200 amp. and 15 volts he says a product results containing 98 per cent 
cerium, 1 per cent iron, and traces of oxide and carbide. The metal can be purified 
by amalgamation and distillation of the mercury. It has a density of 6.92 and a 
melting point of 653°C. It is only sldwly affected by cold water, but rapidly by hot 
water, with the evolution of hydrogen. It bums when heated to 160®C. The pyro- 
phoric alloys cerium -magnesium and cerium-aluminum can be obtained by simul- 
taneous electrolysis of the mixed salts. Cerium-iron may be obtained in the absence 
of air by heating the elements in an electric furnace in a graphite crucible at red heat 
— cerium 70 per cent, iron 30 per cent is the common alloy. 

Metallic cerium cannot be obtained by reduction of the oxide by carbon, as a 
carbide forms, even in the presence of an excess of the oxide, in which case CeCji. 2 Ce 02 
is formed. Formation of the carbide may be prevented by adding (3uO, copper- 
cerium alloys being formed- 

The initial separation of the metal from monazite sand is said to be by dissolving 
the sand in sulphuric acid and adding HNaSO^ to throw down double sulphates of 
cerium -group metals and sodium ^ 

In the formation of cerium caibidc in the electric fiiniacc the process seems to b(‘ 
a three-stage affair: 

2002 -i-V ^ (Wh + CO 
C’.O, + 9C^ = 2Ce(^ + SCO 


and the CeCs then breaks doA\ii into CeC* and graphite, so that it sinmis impossible to 

prepare CeC 2 without grapliitc.® * . . x- i u * 

Sebacic acid in boiling aqueous solution precipitates thorium quantitatively, but 
not cerium or lanthanum By the addition of bromine water m excess to a sus- 
pension of the cerium earths in alkaline solution, followed by heating at m C. until 
the excess bromine is expelled, and then faltering, the filtrate will be freed from 

cerium and will contain lanthanum and didymium. , » * c 

Waste material from the gas-mantle industry can be used for the preparation of 
metallic cerium.* The oxides aie dissolved in HCl, using an exce^ of oxides. 
Sodium and phosphorus compounds are removed with barium chlonde and ir^, 
nuinganese, and ohrornium by eerie oxide. The solution is then eva^rated. 
formation of oxychlorides is prevented either by an atmosphere of HCl gw, or by 30 
per cent by weight of a mixture of KCl and NH,C1 or NaCl and NH.Cl u added before 
evaporation. After evaporation fusion is effected in cast-iron pots high m carton 
and silicon, and the fused salt toiled for 20 min. TOe mixture is then trensferred to 
the electrolytic cell and electrolyzed at RfiO'C., with 'an anode current density of 
6 to 7 amp. per square inch for graphite and 6 5 amp for carton. About 7 to 12 volts 
pressure is used. If the electrolyte was prepared by the ^nd method, the tem- 
^rature may be raised to 950”. After the twenty-fourth hour, heat and stir every 


I Ind Chtm , 5 , 182 
V S patent 1279267. W S Cha««. 
» DamUcnh, a , Ann Chun , 10, .‘ISO 
• Bntish patent 119229 of 1918 


* 
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halC hour to aggloiDerate the cerium, ehuttiui; down ut the end ol about 27 hr. U 
the electrolyte was prepared by the second method, the procew may run 60br. The 
*pot which served for the electrolysis is broken up, as it is too much attacked to use 
again. There are small quantities of lanthanum, dysprosium, erbium, and thorium 
in the cerium thus produced. 

Misch metal can be prepared from the gas-mantle residues without purification. 
This will ordinarily run 60 to 60 per cent Ce; 25 per cent La; 15 per cent Dy, Sa, 
etc.; and 1 to 2 per cent Fe.^ • 

About 0 3 to 2.0 per cent CeOi is recommended in the ThOa for gas mantles. 

Crude cerium oxalate gives up its iron impurities upon treatment with dilute 
hydrochloric acid. It can then be converted to hydrate by boiling with KOH or 
to oxide by calcination. Pure CeOa appears to be of a light chamois color. 

Columbium.— The element, in the form of oxide, is almost invariably associated 
with tantalum ores, its separation from tantalum being described under the head 
of that metal. The columbium remains in solution as potassium fluoxycolum- 
bate (2KF.NbOF,). 

Columbium can be separated from zirconium by fusion with sodium carbonate 
and leaching with hot water. Columbium dissolves completely, tantalum largely, 
zirconium not at all. 

Metallic columbium can be prepared by electrolysis of the molten fluocolum- 
bate, prepared as given under Tantalum (q.v.). 

The alloys of columbium are said to be highly acid resistant, two in particular 
being noted* Zr, 6.8; Cb, 53.5; and Ta, 39.7 per cent (Canadian patent 214118); 
and Ni, 75; Fe, 11; and Ta and Cb, 14 per cent.* 

Denebium. — See Aldebaranium. 

Dubhium. — See Aldebaranium. 

I> 3 rBprosium. — This metal was discovered in 1886 by Lecoq de Boisbaudran, 
who named it for the Greek “difficult to approach,” because of the trouble he had 
in isolating it. The mineral or residue is decomposed with hydrochloric acid 
and the rare earths precipitated as oxalates and the precipitate washed to remove 
iron and beryllium. Usually the earths are reprecipitated to remove silicon and 
iron further. If the cerium group is present, it is best removed by the double- 
sulphate method. In this, the oxalates are converted to sulphates by moistening 
with sulphuric acid and ignition to 400®C.; the resulting sulphates dissolved 
and solid sodium or potassium sulphate added to the solution to saturation, 
(see p. 1393), most of the cerium group being thrown down in such a solution. 
The earths in solution should then again be precipitated as oxalates to get rid of 
the alkali salts. 

As the >i;trium group are again in solution as sulphates, the metals are converted 
to broxnates by double decomposition with barium bromate The bromates are then 
recrystallized fractionally. 

Lkast Most 

bOLDBLB Midolb SOIiUBU! 

Sm, Nd, Pr Dy. Ho Er, Yt. Tm. 

^ A hiitonral review by B Simmerabaoh of pyrophoric alloys will be found in Chem Zmi , 4f (1S21), 
577 

’ A good reference for the analvtical chemistry of columbium w Moib, J . / Chem , Met Sec S 
Africa, IS. 189 A brief outline will be found in Joukstonb’s ‘'Hare-earth Industry." p 60. D. Apple- 
ton 
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Vke r 0 cry«talliaatk)tt of tlie^e as dtHtblensthsi «ulphAt«» k ^ 
oxidss being oonverted into the double salts by prolonged agitation indth metbyi 
sulphuric acid. In this case absolute alcohol is used as the solvent and the fractional* 
tion takes place at the resolution of the crystallised portions being performed ht 
30 to 40*^, In order of increasing solubilities: Tb, Nd, Pr, Ho, Dy. The first three 
are readily removed from dysprosium, but holmium is not. 

Xenotime and gadolinite are the main sources of dysprosium.^ The closely 
related elements are eriiium, holmium, and thulium. 

Erbium. — This metal is derived mainly from gadolinite. The generally 
followed method of extraction is that given on page 1393. The main difiiculty 
is in its separation from europium and gadolinium. Wichers, Hopkins, and 
Balke* say that fractional precipitation of the cobalticyanides or with sodium 
nitrite gives good results, but that the classic nitrate fusion (fractional decomposi- 
tion) is best. Willard and James recommend the sodium nitrite method for 
work on a large scale. 

Europium. — This metal is obtained from monazite sand residues. It was 
identified in 1901 by Demar^ay, who found he was working with a ifitrate more 
soluble than gadolinium and less soluble than samarium. Its salts are a pale 
rose color. 

The eventual separation is best performed by fractional crystallization of the 
double-magnesium nitrates, using 30 per cent HNO# as the solvent (see p. 1396 for 
solubilities). The separation of samanum from europium is finally accomplished by 
adding some bismuth-magnesium nitrate to the solution. The bismuth-magnesium 
nitrate has a solubility lying between samarium and europium. 'Hie bismuth with 
which each fraction is contaminated is finally thrown out by hydrogen sulphide. 

The most closely related elements are gadolinium and terbium. 

Gadolinium. — This metal was identified in 1880 by C. Marignac in samarskite. 

It is named for the mineral gadolinite, which, in turn, is named for the Finnish 
chemist, Johann Gadolin. It is now chiefly obtained from monazite sand 
residues ' , 

Crystallization of alkali-gadolinium sulphate and hydrazine-gadolinium double 
sulphate give only a rough concentration of gadolinium. Crystallization of the bro- 
mates gives a good method for separating the terbium earths from the yttrium group, 
but does not separate the terbium and cenum groups The acetate method gives a 
good separation of Gd from Sa, Pr, and Nd 


Compound 

ILO of 

crystallization 

Grams sail m 100 
g of saturated sol- 
uble at 25®C. 

Lanthanum acetate 

1 5 

14 47 

Praseodymium acetate 

1 0 

. in 

21 48 

Neodymium acetate 

1 0 

20 70 

Samarium acetate 

3 0 

13 

Gadolinium acetate 

4 0 

10 37 

Yttrium acetate 

4 0 

8 28 


» For a general diseusaion of dyeprosiuru see J Am Ch^m Soc SS, 5,1 and 40, 5(1 1 
» J Am Chem Sot ,40, ldl> 

» A cntioal study of the separation of gadolinium from other metals of the terbium- and ytterbium- 
earth groups le given in Z* Awffff oUoem CHem , 100 {1010), 1—30 
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Double nitrates of biamuth and these earths fractionate in the reverae of the 
acetates, and alternated with the acetate method, give a good aeration* Frao* 
tional crystallization of the nitrates gives a rapid separation of the cerium earths in 
the early stages, but toward the end is much inferior to the acetate. Gadolinium can 
be rapidly separated from terbium by fractional precipitation with NH4OH.1 

Gallium is found chiefly in the flue dusts of zinc works. During the war, 
when large quantities of zinc were redistilled, residues were left comparatively 
rich in gallium and indium. This alloy is volatile at the temperature of the ore 
furnace, but resists distillation for weeks at 1000‘’C. 

It is probable, according to G. W. Waring, that any practical method of extrac- 
tion must be founded on fuming the ore at a high temperature, drea 1500**C., and 
separating the gallium from the flue-dusts or where redistillation of spelter is carried 
on, on a tremendous scale. Gallium is interesting because of its low melting point, 
30 8®C., and high boiling point. It instantly spreads in a thin mirror film over any 
sort of a dry surface (it wets glass), and it re-collects in a globule when wet with 
slightly acidulated water. The metal undercools after melting and may not solidify 
until 0®C. is* almost reached. 

Gallium may be separated from iron by the solubility of its hydroxide in NaOH, 
and from aluminum and chromium by precipitation as ferrocyanide. The ferro- 
cyanide (Ga4[Fe(CN)d3) when ignited gives GajOa and Fe208. It is not precipitated 
by H2S is acid solution, but is by NH4OH in NH4CI solution. Many of the gallium- 
aluminum alloys are liquid and wet glass. The metal itself may be produced by 
electrolysis of the chloride. The potential of the metal is apparently between indium 
and zinc, but it is distinctly more difficult than zinc to precipitate. It is one of the 
few elements that expand on solidifying (like bismuth). Its density near the melting 
point is variously given at from 5.885 to 5.904 as a solid and 6.081 to 6.095 as a liquid. 
The cubical coefficient of expansion of the liquid is about 0.000055 per degree Centi- 
grade but the metal cannot be used in thermometers, as it wets glass. Its atomic 
weight is 70.1. 

Probably the easiest method of separation of gallium from indium and zinc is by 
fractional crystallization of the caesium alums. 

The metal cAnnot be separated by electrolysis of sodium hydroxide solutions in 
the presence of nitrates. 

Germanium.— Atomic weight, 72.4. The metal can be detected by a modified 
Marsh test, using KOH and Al. GeH4 is formed, which decomposes at 340 to 
360°C. The metal is prepared from germanium-bearing zinc oxides (containing 
also lead, arsenic, cadmium, indium, tin, and antimony) by treating the oxide 
with hydrochloric acid and then distilling in a slow current of chlorine gas, 
driving over GeCU and AsClg. H2S is then passed into the distillate until precip- 
itation is complete. The precipitate is dissolved in hot 50 per cent NaOH 
and CI2 passed in to oxidize the arsenic. Add concentrated HCl and continue 
the CI2, and distill. GeCl4 now comes over between 90 and 100®C. free from 
arsenic. Collect the GeCL in water, as hydrated GeOa. The spectroscope 
shows traces of sodium, calcium, and iron, which can be removed by redistilla- 
tion. If the mixed sulphides are roasted at not over 500®C., most of the arsenic 
can be removed before distillation, without loss of germanium. 

At 600®C. 30 per cent of the GeOa is lost, at 800 to 900°C., 80 to 90 per cent is lost. 2 
Bamarskite, often given as t‘ontaining germanium, appears to contain none. Ger- 

1 Good genorul rt'forenccs on ftadolinium are Compt rend , 149, 127, and Chem Nevu , 100, 73 

« J Am Chem .SW , 4S (1021), 2131-2143 
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rny-nium can also be separated from arsenic as the double fluoride <HsGeF»)} wUkh is 
not affected by HaS, whereas arsenic is precipitated in HF solution by HtS.^ 

XJrbain describes the preparation from blende as follows* Dissolve the powdered 
mineral in concentrated HaS04 and evaporate to dryness. Dissolve in water and 
add NaaS. Treat the residue with 15 per cent HtSOi, leaching out the S5nS. Treat 
the insoluble with HNO 3 and evaporate to dryness. Redissolve in HjSOi and from 
strong acid solution precipitate with H 2 S. TTie precipitate is GeS* with a little As 
and Mo. Add an excess of NH 4 OH, neutralize, and throw out the As and Mo, then 
precipitate from a strong acid solution. 


Gludnum. — See “ Beryllium.’' 

is of interest in that Bohr predicted the discovery of this element 
by his theory of the structure of the atom and it was later discovered by X-ray 
observations by Coster and Hevesy of Copenhagen. Its atomic number is 
72. It resembles titanium and zirconium, and it appears to bo found only in 
company with the latter. Dr. Alexander Scott of London elaim.s to have iso- 
lated it as a cinnamon-brown oxide from a New Zealand black-sand deixisit and 
ascribes an atomic weight of about 180 to it. It is probably present in the 
black-sand deposit just below Pablo Beach, Fla. 

Hibemium is a radio element which is assumed to lie the origin of the particles 
that form the rings between the halves of ytterbium mica It is jirobably iden- 
tical with ytterbium itself 

Holmium. — This metal is so like dysprosium that some doubt its elemental 
character. It is chiefly found in euxenite. It closely resembles didymium, ter- 
bium, .yttrium, and erbium. The addition ol an excess of samarium salt 
followed by fractional crystallization removes yttrium, europium, and gado- 
linium. The samarium can then itself be removed as double sulphate (see p. 
1393). Fractional hydrolysis of the phthalatcs increases the holmium content 
of an holmium-yttrium mixture, as does also fractional precipitation with sodium 
nitrite, but dysprosium cannot be so separated.* Ethyl sulphate crystalliza- 
tion using alcohol as the solvent is also used. • , , 

Iildiuin.~This is one of the rarest of all the elements. It was discovered by 
Reich and Richter in 1863, and named by them for the two indigo-Wue lines that 
are characteristic of its spark spectrum It is found mainly in flue dust from 
zinc smelters and in metallic zinc. 


If metallic ainc is used as the source, the zme is dissolved in hydrochloric acid, the 
indium remaininB with the lead, uiuhssolved. Indium is precipitateil a» sulphide m 
neutral or only faintly acid solution. After freeiuK frem the copper-Rroup metals 
the iron and indium may be precipitated together by ammonia, the prccipila e 
redissolved in hydrochloric acid, and the nearly neutral solution Iwilod with an excess 

Mum precipitates as a basic sulphite. Metallic indium may be prepared by 
heating the oxide with hydregen; by electrolysis of chloride f 
the presence of pyridine or bydroxylamiue. It is a white metal, softer then lead, 

U ve^*l&i*^llh»"» and fractional crystallization of the doubW^ium Jums 
is the only^ffective way of separating gaUium and indium. It is stal.le at ordinary 
temperatures, but bursts into blue flame on heating. 

1 tind , 2540-2.182 

« CJf ChfM Abatr , p 2072. of 
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Lflntiianutti eomes down with the double sulphates (p. 1303} and is among the 
more insoluble of the double-magnesium nitrates. It is said that it ean be ra|4dljr 
separated from praseodymium and neodymium by adding a mixture of iN NH» 
and 4N NH4CI, a drop at a time, at 50^0., using mechanical stirring, but this is 
a laboratory rather than a commercial method. Fractional precipitation with 
ammonia in the presence of zinc and ammonium nitrates is also recommended. 
Its atomic weight was redetermined in 1921 as 138.91 . ' 

Lutecium, — In 1907, when G. Urbain was examining supposedly pure setter- 
bium nitrate fractions he obtained different spectroscopic lines for the various 
portions. He decided that 3i;terbium was, therefore, composed of lutecium 
(Lu as 174) and neoytterbium, 170. The reactions are essentially the same for 
neoytterbium and lutecium.^ In 1916, an atomic weight of 175 was assigned to 
lutecium.^ It is named from the ancient Homan name for Paris, Lutetia. 

Molybdenum, — The methods ordinarily given for the treatment of wulfenite 
(the most common mineral) are to leach with Na2S, the molybdenum going into 
solution as Na2Mo04, or to fuse with soda ash, sodium hydroxide, and powdered 
coal, obtaining a lead bullion and a slag from which sodium molybdate may be 
leached. In either case, the molybdenum is recovered from this solution by 
precipitation as CaMo04. 

For ferromolybdenum production, the finely ground pulp is mixed with soda-ash 
solution and heated to boiling, and the molybdenum thrown from the filtered solution 
by Fe2(S04)8 or FeCla and the precipitate smelted with carbon in an electnc furnace. 

Molybdenum sulphide is said to be acted on at above 268®C. by chlorme, and it is 
suggested that pure sulphides could be treated with chlonne and M0CI4 condensed. 

Molybdenum has a density of 10.2; tensile strength, 260,000 lb. per square mch; 
melting point, 2550®C.; boiling point, 3617®0.; specific heat, 0.072 cal. per degree 
centigrade; linear coefficient of expansion, 5.15 X 10“®; thermal conductivity, 0 346 
cal. per degree per cubic centimeter; electrical resistance, microhms per cubic centi- 
meter at 16°C., annealed, 4 8 (all according to Balke). See also p. 1336. 

Nebulium is ’a hypothetical element of atomic weight 1.31.® It is not known 
terrestrially. 

Neodymium, — This is found chiefly in cerite, which may be dissolved in acids, 
and the earths precipitated as oxalates, which are converted into oxides on igni- 
tion. These oxides are then treated with nitric acid, which on heating produces 
basic ceric salts. Lanthanum, praseodymium, neodymium, samarium and 
ytterbium are in solution. Cry^itallization of the nitrates from nitric acid 
tends to concentrate lanthanum, cerium, neodymium, and praseodymium in the 
mother liquors. Crystallization of the double-magnesium nitrates tends to 
throw lanthanum and neodymium ihto the crystals. 

NeothuUum. — See Aldebaranium. 

Neoytterbium. — In 1908, Urbain ammounced that he had fractionated 
ytterbium compounds by a long series of crystallizations into two distinct com- 
pounds, the base of one with an atomic weight of 170 (neoytterbium) and the 
other with an atomic weight of 174 (lutecium). The name neoytterbium has been 
dropped and that of ytterbium given to this fraction, the unseparated earth often 
being spoken of as ‘‘the old ytterbium.*' 

Comp rend 14S, 750 Cf Neoytterbium and Ytterbium, this book 

* See Comjd rend , 140, 127, and Chem Neire, 100, 73 

* Nicholson, J W , Hoi/ Aetron tSoc M N , 7t, 340 
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Mlotiiisiii. — See Columbiumi which is the proper tmme. 

3l^cesft0(^^uiii comes out in the insoluble double elkali sulphate ftaottoii 
and then among the less soluble double^magnesium nitrates, (see scheme^p. 1S94). 
Its name means “the green twin.'' It can be prepared by electrolysis of the 
anhydrous chloride. It is a silvery white, easily tarnished metal, of speeifie 
gravity 6-6, which melts at 940®C. and kindles in air at 290®C. 

%ibidium was dis^sovered in 1861 by Bunsen and Kirchoff, in lepidolite, 
and named for two dark red lines. It may be recovered from lepidolite by de- 
composition with sulphuric and hydrofluoric acid; or from any silicate by decom- 
posing with CaCh and NH4CI and heat. From the first, caesium-rubidium 
alum can be recovered. From the second, after precipitation of CaS 04 with 
H2SO4, and CaCOs with (NH4)2COa, the addition of platinic chloride will throw 
down caesium-rubidium chlorplatinp^. 

Rubidium metal may be prepared by electrolysis of the fused chloride. It is a 
soft silvery metal. It melts at 38.5®C. and boils at 696®C, It takes fire spontane- 
ously in air and decomposes water vigorously. 

Caesium and rubidium are themselves separated by fractional crystallisations of 
caesium-iron and rubidium-iron alums, followed by removal of the iron. 

Samarium. — Material containing samarium is purified as follows:^ Cerium is 
thrown out by bromine and marble; La, Pr, and Nd by fractionation of the 
double magnesium-nitrates; Eu and Gd by fractionation of the magnesium 
double nitrates along with the double nitrate of Bi and Mg; and finally the Sm 
is alternately precipitated as Sm (OH )3 and Sm* ( 0204)3 and recrystalliaed as 
hydrated chloride. The bismuth-magnesium nitrate is added and has a solubility 
intermediate to samarium and europium, so that it thus affords a separation. 
The last of the bismuth can itself be remo%^ed by H 2 S. The metal is supposed to 
melt about 1300®C. It is named for samarskite, in which mineral it was first 
discovered. 

Scandium. — Scandium is chiefly found in the wolframite of Zinnwald, 
although Nilson discovered it in 1879 in euxenite. ' 

Scandium can be separated from wolframit<5 residues by dissolving the oxides in 
hydrochloric acid and precipitating with ammonium fluoride.* To separate pure 
scandium salt from this precipitate, lead, copper, etc. are precipitated with hydrogen 
sulphide from acid solution of scandium chloride; iron and manganese from solutions 
of scandium-potassium carbonate, the former with potassium-hydrogen sulphide, 
the latter with iodine in potassium iodide solution ; molybdenum is removed as sul- 
phide by precipitation in the presence of formic acid; and the thorium, yttrium, and 
ytterbium by precipitation of scandium-sodium carbonate, combined with the frac- 
tional crystallization of sodium formate. 

The scandium is then thrown out of its solutions by HF or HaSiF« or Ng«SiFi in 
acid solution, after which it will only contain small amounts of thoria, y ttria and 
ytterbia. It can be further purified by precipitation with Na*S*Oi, but will probably 
still contain about 1 per cent, of thoria. ' 

The (NH4)8 ScF«, precipitated by addition of ammonium fluoride to scandium 
salts, also can be used for fractionating. This salt hydrolyzes to (NH4)aScF8 and 
NH4SCF4. 

Pure scandium is diamagnetic. Yttrium and celtium are the closest related ele- 
ments. The atomic weight is now ordinarily given at 45.1. 

» OwSNB. Balkb, and Khsmbbs, J. Am Chtm. Boc,^ 4t (1920). 615. 

* Stbxua. 3., Z EUktrochem, (1914), 280 
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M. Speter says scandium <^an be separated directly by decomposing its minerals 
by acid^ or fusing them with alkali and dissolving the melt in acid. The acid 
solution is filtered^ the rare earths precipitated as oxalates and boiled with 
filtered again, the precipitate taken up in sulphuric acid and reprecipitated as 
oxalate.^ 

Scandium is one of the three elements clearly forecast by Mendeleef. His '^eka- 
luminum'^ is gallium, ‘^ekasilicum** is germanium, and **ekaboron'* is scandium. 

♦ 

Selenium. — This element was discovered in the dust collected in acid^hamber 
flues by Berzelius in 1817. It is widely distributed in the ores of lead, copper, 
gold, and silver and in pyrites. The chief source of the commercial metal is the 
flue dust from plants treating electrolytic copper slimes. There are a number erf 
allotropic forms. From the metallurgical standpoint only three varieties aro 
important: the finely divided material prod|jced by precipitating selenium from 
chloride solutions with sulphur dioxide or carbon monoxide (the former being 
the common commercial precipitant); vitreous selenium; and metallic selenium. 
If the first form, which is a bright-red to dark-brown precipitate (this precipi- 
tated modification itself runs through several allotropic forms), is heated it melts 
to a black mass, which, when cooled quickly gives a black to purple-black 
vitreous bar when viewed by reflected light and a beautiful red if drawn while 
hot into thin sheets. When the vitreous modification is kept for some time at a 
temperature of 1 50°F. or over it changes to a silvery-gray modification (metallic 
selenium), which is unique among metals in having its electric conductivity 
greatly altered by changes in the intensity of the light with which it is illuminated. 

The resistance falls with increased illumination and increases as the temperature 
increases. 

The change from the vitreous to the metallic state is strongly exothermic and 
becomes more rapid as the temperature increases up to about 210®F. The metal 
melts at 217°C. 

The metallic modification can be changed back to the vitreous by melting and 
quick cooling. , 

When ores are smelted for copper, selenium and tellurium enter the matte and 
remain largely in the blister copper. A large proportion n^mains in the copper when 
blister is refined to anode copper and the two are quantitatively slimed in the elec- 
trolytic tank room. 

In the slimes-treating furnace selenium volatilizes largely, particularly if there is 
a little free sulphuric acid in the slime and slow roasting. Tellurium has a much 
greater tendency to enter the furnace slags but even tellurium is to some extent vola- 
tilized. In the flues the tellurium condenses before the selenium does, so that in 
analyzing chamber residues, there is a constant increase in the ratio of selenium to 
tellurium at increasing distances from the furnace. 

Much of the selenium in these dusts exists as Se02 and is directly soluble in water. 
The remainder is taken into solution by leaching with sodium chlorate and hydro- 
chloric acid (a process introduced by Liddell in 1907). Some tellurium will also be 
dissolved, but if sufficient hydrochloric acid be added to the solution to bring it up 
to 50 per cent hydrochloric acid (as compared with the concentrated aqueous solution) 
selenium will be precipitated by the passage of SO 2 and tellurium will not be. After 
the solution is decanted from the precipitated selenium, if it be diluted with water and 
allowed to stand for some time the tellurium will come down as a black precipitate. 


t German patent 282057, 1911. 
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n>e aelenitun prpcipitato is wimIknI luul druHl, then either powdered, or molted Id 
enftmel*ware pans and cast. 

The leaching operation is most oonvcaiiently carried on in stoneware tanksi the 
precipitation either in stoneware jars, or, even better, in barrels painted with P. 

B. paint. The precipitation should not be carried on too fast or the precipitate will 
occlude sulphuric acid, which oxidizes the metal during drying and molting; nor should 
the precipitation be from too concentrated a solution or a purplish-blaok modification 
will result which is veryihard to dry and very difficult to melt. 

The compounds of selenium are analogous to those of sulphur. The hydride 
(HjSe) is worse smelling than the sulphur compound and more poisonous. A bubble 
of the pure gas is said to have paralyzed for six months the olfactory nerv(*8 of its 
discoverer. 

It forms SeFs (soluble in HF, hydrolyzed by H 2 O); ScjCla, fteCli, RcaBrj, SeBr*, 
Se 2 l 2 i »Sel4, and various complex chlorbmmidcs and oxyhalides. 

It forms SeOa and SeOj, which are the anhydrides of corresponding acids. Selenic 
acid is unaffected by SO 2 or H 2 S (differs from selenious acid in these particulars), 
but is slowly reduced by boiling concentrated hydrochloric acid. Barium selenate 
is completely decomposed by hydrochloric acid, as is also the tellurs te, thereby 
differing from barium sulphate. 

Reactions of importance from the metallurgical standpoint, in addilion to those 
given above, are: the amorphous-powder modificHtioiis are soluble in potassium 
cyanide, forming KCNSe. Tellurium is insoluble (this gives a method of separation). 
Those amorphous modifications precipitated at low teinperatur *8 are soluble in carlxin 
disulphide, bu^ those precipitated at or heated to high temperatures are not soluble, 
nor is tellurium. Both selenium and ti»llunum gci into colloidal dispersion when 
heated with strong sulphuric acid, the beautiful purple produced bv telluriuin being a 
characteristic test for it. The metals again precipitate on cooling or dilution. If, 
however, the heating is carried on long enough the metal is oxidiz(»d, forms sulphates, 
and is no longer repreeipitated on cooling or dilution. 

Both selenium and tellurium and their compounds when heated with an alkaline 
carbonate and carbon form alkaline selenides and tollurides whieli are deecunposed 
by the passage of air through their solutions. This is the process introdu(*ed by A. E. 
Knorr for the recovery of tellurium from high-tellurium flue dusts. • 

Na^COa -f 1e -f 2C = Na.Te + liCO 
^NajTe + O, + 2 H 2 O = 2Te + 4Na()H 

Metallic selenium has a specific gravity of 4,8 and melts at 217”r. Tlie specific 
gravity of the vitreous modification is 4.28 and of the amorphous about 4.26. A red 
crystalline modification has a specific gravity of 4.47 and swmis to melt between 170 
and 180°F., but passes over quickly to the metallic modification and solidifies, giving 
out 55 cal. per gram. Selenium iKiils at 680°F. at 700 mm., at about at low 

pressures. It burns in air with a blue flame, forming but the reaction rwiuires 
external heat to maintain it. Above 250^. it unites with hydrogen, more quickly as 
the temperature is raised. 

The chief use of selenium in tonnage is as a coloring npitti'r for ruby glass. It is 
also used in electrical devices such as automatic light controls, etc., where its varying 
conductivity under varying illumination is of use, but the weight used in a selenium 
cell is almost negligible,^ 
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Tantalum* > — The metal is usually pretmted from tantalite, the most htipoiiant 
of the tantalum minerals. The finely pulverised tantalite is fused with potassium 
hydroxide, converting the tantalum and columbium to soluble tantalates and 
columbates. The melt is then dissolved in water and after filtration the solution 
is neutralized with hydrofluoric acid, converting the columbium and tantalum 
into double fluorides with potassium. (Sodium cannot be used,) The potas- 
sium-tantalum fluoride then precipitates and can be purified to any desirable 
extent by recrystallization. The metal is produced by reduction of the oxides 
in vQCuOf the oxide being obtained by igniting tantalic acid, precipitated from the 
double fluoride. Aluminum will reduce it (thermit reaction). 

Tantalum is not attacked by aqua regia or nitric or hydrochloric acid, either 
hot or cold. Solutions of caustic alkalies dt) not attack it. It is slowly attacked 
by boiling concentrated sulphuric acid and by hydrofluoric acid. It is rapidly 
attacked by a mixture of nitric and hydrofluoric acids. When tantalum is heated 
in air the surface becomes blue at about 400®C. and at a somewhat higher tem- 
perature, nearly black. Above a dull-red heat the white oxide is produced and 
the metal gradually burns. The metal combines readily at elevated temperatures 
with hydrogen, nitrogen, and chlorine (the last producing the volatile penta- 
chloride). The metal is tough and highly ductile and malleable. 

As an electrode the metal is of interest. Gold or platinum may be deposited on 
tantalum and removed with aqim reg%a. If two plates of bright tantalum are im- 
mersed in an electrolyte and a direct current passed, film forms on one plate in a few 
seconds and the voltage drops. With sulphuric acid of the strength ordinarily used 
for electric storage batteries, the current is less than 1 milliamp. with a voltage up 
to 75. 

If a tantalum and a lead plate are placed in an electrolyte and an alternating 
current passed, the current in one direction is shut off and a pulsating direct current 
obtained. Hydrogen gas is given off at the tantalum plate. 

Tantalum has a density of 10.6; atomic volume of 10.9; tensile strength, small 
wires, 130,000 Ib^. per square inch; compressibility per kilogram per square centimeter, 
0.50 X 10“®; Young’s modulus of elasticity, 19,000 kg. per square millimeter; melting 
point, 2850®C. (?); specific heat, 0.0365; linear coefficient of expansion per degree 
Centigrade, 7.9 X 10“®; thermal conductivity, calories per cubic centimeter per 
degree Centigrade, 1.30; electrical resistance (annealed), microhms per cubic centi- 
meter at 15°C,, 14.6; electrical coefficient of resistance, 0.00335 per degree Centi- 
grade. Discovered in 1802 by Eckeberg; named for “Tantalus.’* 

Tellurium* — The presence of this element was suspected by Mueller von 
Reichenstein in 1782 in a sample of gold ore from Austria, and was isolated in 
1798 by Klaproth. It is of common occurrence as sylvanite (gold telluride), 
particularly in Colorado. 

The metallurgy is intimately connected with that of selenium and reference 
should be made to what has been said on that metal (pp. 1404 to 1405). 

Tellurium is a silver- white metal, atomic weight, 127.5; melting point, 452®C.; 
boiling point, 1390®C. (760-mm. pressure); density, 6.2; tensile strength, 115 
kg, per square centimeter. 

It is used as a crystal detector in radio work, as a coloring matter in glass 
and ceramic trades, and, in the form of diethyl telluride, is an antiknock compound 
in the internal-combustion engine. 
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H unites tfadily mth chkirme, forming TeCl# and I’eQ#, and with oxygen, lofmiiig 
TeOi a^ TeOs, which form acids HtTeOi and HtTe 04 , anaiogous to sulphuioiis and 
aidphiuic, except tellurous acid is more stable and telluric acid less so than the 
sulidnir analogs. 

It is a brittle crystalUnenstructured metal, tarnishing slowly in air, but leas ap than 
lead. Its compound with hydrogen, HsTe, has a frightful odor. It is peculiar in 
that it is eliminated almost entirely from the body as methyl telluride, via the lungs, 
giving a gailic odor to the breath. 

Tellurium combines readily with many metals when heated. The telluride of 
aluminum can be formed by dropping tellurium into molten aluminum. This t^lu«» 
ride is an interesting substance, decomposing with water to give aluminum hydroxide 
and hydrogen tellunde, which is highly poisonous and almost intolerably offensive. 

Magnesium telluride is similarly formed, with explosive violence. In general, in 
making selenides and tellurides by addition, a mask and goggles should be worn. 

Terbium, found chiefly in gadolinite, bebngs to the Sm-Nd*Qd-Pr 
group. The main difficulty is to free it from holmium and dysprosium. Its 
bromate is more soluble than theirs, its nitrate and chloride less so. Its 
name is derived from ‘"Ytterby,” near which town gadolinite was first found. 
Terbium oxide is black ^ Crookes original element ionium,” not the radium 
decomposition product, seems to ha\e been terbium. 

Thallium is chiefly found in acid-plant flue dust, its extraction depending on 
the solubility of the sulphate and sparing solubility of the chloride. The flue 
dust is boiled with dilute HaSOi in wood or earthenware containers, filtered and 
HCl added. The precipitate is dissolved in H 2 RO 4 and thallium again thrown 
down. Salt can be used instead of HCL The metal can be obtained by fusing 
the chloride cautiously with KCN and NajCOj, or it can be reduced by zinc and 
melted in an inert gas, but A. Kolliker® says the metal on washing quickly oxidizes 
and then dissolves, affording an easy separation from other metals. The metal is 
highly toxic, probably ranking next to mercury among the elements. The metal 
melts about 301 ®r. While most authorities say that TLOa dissolves readily in 
HCl, this seems very doubtful. 

Thallium is on > of the few metals whose lower oxide is more stable than the upper. 
Its binary alloys with lead have a decidedly higher melting point than has either 
constituent, indicating possibilities in their use as insoluble anodes^ and for acid-cham- 
ber linings. Lead-thallium and )ead-thalhiim-tin alloys also have theoretical possi- 
bilities as high-temperature solders 

Thorium. — Atomic weight, 232.15; melting point about 1800®C. The princi- 
pal commercial mineral carrying thorium is monazite, although small quantities 
of thorianite and thorite have been used commer<*ially. These latter minerals, 
however, are limited in quantity. Monazite is comprised mainly of phosphates 
of the cerium and lanthanum earths together with a variable percentage of 
thdria. Its specific gravity is from 4 8 to 5.5, and its color varies from yellow- 
gold to reddish brown and is occasionally even dark brown or black. Monazite 
occurs in certain gneissic and granitic rocks, but the actual commercial deposits 

1 For a general resume of the work on terbium aee articles by Ubsain, G , Chem JV'cics, 100 , 73; 
Chem Ztg . 81 , 745 

X Chem Ztg , 48, 231 

> An alloy experimented with by Dr Cohn G Fink and highly renstant in acid sulphate soluttoos 
oontaimng both lINOa and HCl was Pb, 70, Sn, 20 Tl, 10 per cent 
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which are worked are alluvial. The principal sources are Brazil and India» 
although the mineral has been mined successfully in the United States^ in the 
Carolinas, Idaho, and Florida. It has been found in Switzerland, Africa, and 
Australia, and to a limited extent in river rocks and placers in Ekaterinburg, 
Russia. 

Monazite is usually found in gravels of small streams and in bottom lands. In 
Brazil and India it occurs mainly in the beach sands of sea^water. It is found in 
small crystals in gneiss, granite, and pegmatite rocks. As these rocks become disinte- 
grated the crystals are washed into the creeks and streams and, together with other 
heavy sands, are deposited in the bods of water courses. On the coast of Brazil the 
monazite from the crystalline rocks of the coast mountains is concentrated in the sea 
sands by the waves of the sea. The bulk of the monazite in Brazil is found in the 
states of Espirito Santo and Bahia. In India, Jthe main location is in the Travancore 
district in southern India. The deposits of the Carolinas in the United States cover 
an area of several hundred square miles east of the Blue Ridge Mountains. Prac- 
tically all of the monazite mined in the Carolinas is derived from the gravel in the 
streams and bottom lands, the miners usually following the course of the streams and 
creeks. The gravels vary greatly in thickness; in general, they arc between 1)4 and 
ft. thick. Monazite is also found in Florida. 

Extraction from the Ores. — The methods of treating monazite for the pro- 
duction of thorium nitrate are more or less secret and are changed from time to 
time, depending upon conditions, costs of chemicals, etc. The general principles 
of the commoner method used before the war are as follows: The mineral is 
heated in cast-iron pans or pots with about twice its weight of concentrated sul- 
phuric acid, until the monazite is completely decomposed, giving a while mass of 
sulphates, which are largely insoluble in the acid. This mixture is run into cold 
water in a lead-lined vat and the whole stirred until solution is complete. The 
material is allowed to stand for a considerable ])eriod in order that the insoluble 
matter, consisting of silica, zircon, rutile, and other minerals insoluble in concen- 
trated sulphuric# acid, may settle out, and the solution which contains the rare 
eartlis, phosphates, etc, is decanted off. If now the free acid is partially neutral- 
ized so as to reduce the acidity, thorium phosphate is i)recipitatcd first, because 
it is. less soluble than the phosphates of the other rare earths. The thorium 
phosphate still carrying quantities of other rare-earth phosphates is filtered, 
dissolved in a minimum amount of acid, and the fractional precipitation 
repeated. 

One method of still further purifying the precipitate is to boil it with oxalic acid,‘ 
which causes the thorium to be precipitated as thorium oxalate, while the phosphoric 
acid remains in solution. The precipitated oxalates are digested for a prolonged 
period with sodium hydroxide and the hydroxides formed are dissolved in hydro- 
chloric acid. If the acid solution is then carefully treated with sodium hydroxide, 
until about one-sixth of the bases have been precipitated, thorium hydroxide will 
be precipitated before the other hydroxides. Baskerville has suggested the volatiliza- 
lion of the phosphoric acid by mixing 1 part of monazite with 1.1 parts of petroleum 
coke, 0.8 parts of lime, and 0.15 parts of fluorspar, and heating in an electric furnace. 
This not only removes the phosphorus but also gives the latter in a marketable form. 
Further purification of the thorium hydroxide may be carried on in one of several 
ways. The oxalate method depends upon the fact that thorium oxalate forms a 

> J. Phya. Chrrn,, ZO ( 1910 ), 640 . 
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double ealt whh ammonium oxalate, whicb is soluble, while cerium oxalate is almost 
insoluble. The carbonate method is based upon the fact that thorium carbonate 
forms double salts with the alkali carbonates, which are soluble, whereas the double 
salts of the cerium earth oxalates are insoluble. The sulphate method depends upon 
the fact that certain hydrated sulphates of thorium possess a considerable difference 
in solubility from the sulphates of the cerium eartl^. This fact is used as a basis 
for fractional crystallization. Whichever method is used, after the thorium is suffi- 
ciently purified it is converted into thorium carbonate or hydroxide and dissolved in 
nitric acid and the solution evaporated until thorium nitrate (Th(N0s)4.4H*0) crys- 
tallizes out. After the beginning of the war, owing to the greatly increased cost of 
certain chemicals, especially oxalic acid, considerable modifications were necessary in 
the process used for treating monazite sand. These changes in practice have been 
kept secret, but consist essentially in combinations of the methods described above. 

In a recent patent^ the following method is described. The crude tliorium 
phosphate is boiled with caustic and then dissolved in sulphuric acid. Thorium 
fluoride is precipitated by hydrofluoric acid and dissolved in sodium bicarbonate. 
Thorium hydrate is precipitated by caustic soda, converted to sulphate, and 
crystallized. The sulphate crystals are converted to hydrate with ammonia 
and the cycle repeated. The thorium is finally converted to the nitrate. 

The element mesothorium, a radioactive product of thorium and hence a 
constituent of all thorium minerals, deserves mention, since it is now being 
recovered as a by-product in the refining of monazite.® Barium chloride (0.2 
per cent of the weight of ore) is added to the ore, and then sulphuric acid. After 
dilution, the slimes containing the mesothorium and barium sulphate are decanted 
from the coarse residue, settled or filtered out of the solution, and treated for the 
further concentration and rcco /ery of the mesothorium. 

Concentration Methods.—Tho first stage of concentration in the Carolinas 
involves the use of oscillating tables or sluice boxes. The concentrates produced 
in the sluice boxes contain 20 to (K) jier cent monazite. The crude concimtrates 
must be further refined, and are best treated by elcctromagneVc separators, of 
which the Wetherill type has proved to be the most successful .® The separation 
of the minerals is dependent upon the difference in their magnetic permeability. 
The magnets are best adjusted so that the first pole of the first magnet remove's 
from the sand the highly magnetic material, as, for instance, the magnetite and 
iisemannite; the second pole of the first magnet extracts the garnets and also the 
finer grains of the iisemannite; the third magnet (being the first pole of the second 
magnet) removes all of the coarser grams of the monazite; and the la*tt pole 
extracts the finer grains of the monazite. At the end turn of the rubber belt of 
the machine, the residues are dropped into a receptacle.^ The grade of the 
concentrates obtained from the different large sources of supply vanes consider- 
ably The average concentrate obtained in the Carolinas was about 3^ to 4 
per cent thorium oxide, whereas that obtained frorn Brazil averages around 6 
per cent. It was for this reason very largely that tlie industry in the Carolinas 
was ultimately given up. The monazite from India even a higher grade 
than that from Brazil, averaging around 9 per cent thorium oxide, and some of 
it going still higher. As concentrate of this type carries about 27 per cent cenum 

I British pafenfc 179300 

a Departin»*nt of Interior, U S Bun^au Minea, Terh I npit 2<. » 

• GtyNTilBR, “Electromagmtir' Oro Hi^paration.” 1009 

aKlTHlL, K L U S Bur Mines, T^ch Paptr, 110. 
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oxide, 20 per cent lanthanum and allied osddes, and 2 to 4 per oefnt yttria and 
allied oxides. It also contains about 26 per cent phosphoric acid. 

Metallic Thoiium. — The metal has probably not yet been prepared in a 
perfectly pure state. Reduction of the oxide with magnesium is never complete, 
and attempts to reduce with carbon give a mixture of the metal and carbide. 
Moissan and Honigschmid heated the purified anhydrous chloride with sodium in 
a sealed glass tube and obtained a product which was said to contain only 3 per 
cent of the oxide. The amorphous metal is a dark-gray powder of specific 
gravity 11.3 and when hammered and strongly heated it has a density of 12,16. 
It burns readily in air, and melts at about 1700®C., although the pure metal 
would probably melt at a higher temperature. 

Uses of Thorium. — The main use of thorium is in the incandescent gas- 
mantle industry. The successful use of ineandescent gas mantles began in 1893 
when Welsbach patented the use of a mixture containing 98 to 99 per cent thorium 
oxide with 1 to 2 per cent cerium oxide (English patent 124, of 1893), With 
this mixture the oxides give a brilliant light and have a maximum illuminating 
power. The cerium oxide is probably in solid solution in the thorium oxide. ‘ 
Thorium oxide is a very poor heat conductor and hence can be raised to a high 
temperature. The small amount of cerium oxide gives enough color for efficient 
light emission. An outline of the methods used for obtaining mantles is as fol- 
lows: The mantle itself is made either of ramie fiber or of artificial silk. The 
woven mantles are thoroughly washed in a 2 per cent solution of nitric acid, 
distilled water, and then in dilute ammonia. The latter is thoroughly washed 
out by distilled water. The mantle is dried in a current of hot air and then dipped 
in a solution of thorium and cerium nitrates, consisting of 99 per cent thorium salt 
and 1 per cent of cerium. 

Small quantities of beryllium or magnesium nitrate are added for strengthening 
purposes. The upright mantles are then ‘fitted with an asbestos loop by which they 
are suspended, whereas the inverted mantles are fixed to a supporting ring. Those 
portions on which there is especial strain are sometimes treated with a thorium solution 
containing much larger proportions of calcium, aluminum, or magnesium salts. The 
mantle is then shaped and burnt off from the top downward by applying a Bunsen 
flame. During this process of burning off, there is considerable shrinkage. As soon 
as the carbonization is finished, the mantle is shaped and heated with low-pressure 
burners, after which it is hardened by heating in a high-pressure burner. The mantles, 
now consisting of nothing but the ash skeleton, are immersed in a colbdion solution 
containing collodion, ether, camphor, and castor oil. The ingredients may vary to 
some extent. After drying at a moderate temperature, they are ready for use. 

Thulium. — Thulium was discovered in 1879 by Cleve, when he was attempting 
to find out what gave the rose color to the salts of “old erbium ” He named it for 
“ Thule, “ an old name for Scandinavia. Is among the most soluble of the double 
nitrates. (See scheme on p. 1394 for its separation.) In solution with cerium and 
yttrium only it is completely separated from them by precipitation with H 2 SiF«. 

Titanium. — The chief commercial source of titanium is ihnenite, from which 
it is recovered by dissolving in concentrated sulphuric acid and then adding sodium 
chloride to the concentrated solution to throw down sodium-titanium sulphate. 

Alkaline hydroxides or carbonates precipitate titanium hydroxide from solution, 
a bulky gelatinous pre<'ipitate. The metal can be produced from the oxide by the 
thermit reaction. 

» Whit* and Travbra. J Soc Chetn Ind , SI, (1902), 1012 
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Tbe C»7(6|et-DevaU3c pmm for the production of the metol ifi to ore Ot 
rod beat with* coal, then to heat the reduced mass with chlorine gaa at ^dually 
increaaing temperatures, distilling off successively iron^ silicon, and titanium. 

tn the preparation of pure titanium from the chloride Maurice Billy recommends 
sodium hydride for the precipitant. ^ 

TiCli + 4NaH * Ti 4NaCl H- 2H8. The purified oxide can also be reduced by 
healing in a current of hydrogen gas. 

Billy states that by reducing titanium dioxide with titanium it is possible to obtain 
the following: 

Between 70(>-800®C., a blue oxide, TiiOi. 

Between 900-1000®C., a violet oxide, TifOi. 

Between 110Q-1200‘’C., a black oxide, T11O4. 

Between 1400~1500®C., a brown oxide, TiO. 

Titanium tetrachlonde is the most important of the smoke-screen compounds, 
through its hydrolysis with the water vapor of the air. 

Titanium is important as an alloy metal for permanent magnets, using 16 to 30 
per cent Ti, 1 to 5 per cent Mn, 0.6 to 1 2 per cent C, with or without 2 to 5 per cent of 
Cr. Steels containing 10 to 30 per cent Cr, 5 to 12 per cent Ti, and 3 to 5 per cent Mo 
are said to be highly resistant to corrosion. 

Titanium is brittle when cold, but can be forged at red heat. So far it has proved 
impossible to draw it into wire. It is interesting in that in the iron blast furnace 
titaniferous ores give copper-colored cubes of Ti(CN)8.3Ti3N2 in the slag. 


Victoritun. — metal reported by Crookes, apparently gadolinium. 

Yttrium. — This metal forms a soluble double-alkali sulphate and is among the 
more soluble double nitrates (c/. pp. 1394 and 1395). Probably the best separa- 
tion from the other members of the yttrium group (Dy, Ho, Er, Tm, Yb, and Lu) 
is the classic ^‘f used-nitrate^^ n^ethod (see p. 1395), but fractional precipitation as 
the cobalticyanide or as the nitrite (using K3(^o(CN)« for the precipitant with the 
first and NaN02 for second) gives fair separations. The Yt remains in solution. 
Fractional precipitation with potassium 'chromate does not remove erbium or 
holmium ; the nitrite does. Yttrium mixed metal can be produced by decomposing 
the anhydrous chlorides in varuo with sodium or by electrolysis of the mixed 
chlorides. It is a blue-gray color and disintegrates in time to powder, especially 
if exposed to moist air. The element derives its name from^the Swedish town of 
Ytterby. Atomic weight, 89.33; melting point, about 1490®C. 


The acetate is apparently a hydrophilic colloid.® It is soluble in water in all 
proportions, can be salted from its aqueous solutions like soap, and when shaken the 
solution lathers quite freely. Evaporation of the solution causes no crystallization, 
but results in an amorphous mass resembling gelatin. Solution of the residue from 
this evaporation takes place very much after the manner of the solution of gidatin, 
with first a swelling and softening and then a gradual dissemination of this gelthrough 
the Uquid. It is in the exploitation of these peculiar properties of the zirconium 
compounds that the most important industrial appUcations may yet be found. The 
hydroxide is a strongly adsorptive compound. 

Salts of the metal hydrolyze strongly, and Rodd® says no normal salt exists 
in aqueous solution. Also the extent of the hydrolysis seems to de|>end on the 
method by which the salt was prepared. 
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Zirconium is precipitated from its weakly acid solutiona by stadium thiosul- 
phate. The phosphate precipitates in strong mineral acid solutions^ but the 
precipitate is difficult to wash and can only be broken up by fusion with caustic 
soda. 

For extracting ZrOs from the ores Marden and Rich say that for commercial extrac* 
tion the best method is to heat 1 part of ore with 4 parts of concentrated sulphuric 
acid until fumes have ceased and then raise the temperature to 650^0. After cooling, 
extract with 50 parts of cold water and filter, then add sodium carbonate until Zr(OH)« 
just begins to form. Allow th® solution to stand three or four days, during which 
4Zr02.3S0*.14H20 will gradually settle out. This is ignited to give Zr02.^ 

Another method recommended for the treatment of zirkite is to sift 100-mesh 
material into a fused mass of 3 parts sodium carbonate and 3 parts sodium hydroxide. 
Fuse for 1 hr., cool, crush, and leach with hot water. The washed residue is then 
digested with 1: 1 HCl and the solution filtered. Neutralize with soda ash as far as 
can be done without precipitation and pass S 02 into the hot solution. 

Zirconium melts about 2800®C., above Mo and close to Ta.® The melting 
point of the oxide is given anywhere from 2560 to over 3000°C, If the metal 
actually melts at 2800®C., the higher value for the melting point of the oxide 
would seem correct. 

Zirconium can be produced by the reduction of ZrCb with metallic sodium. 
It melts at about 2800° C. and alloys well with Ni, Cu, Au, Al, Mg, and W. The 
oxide Zr 02 becomes practically insoluble on strong ignition in every acid except 
hydrofluoric, and doubtless the conflicting statements as to solubility merely 
reflect differences in ignition temperatures. The specific gravity of the metal 
is about 6.4, 

Brufirc and Chauvenet say then* is but one nitride (Zr 3 N 4 ). In reducing atmos- 
plierc, the oxide has a strong tendency to form carbides. 

It is said that a pure Zr02 can be obtained by heating zircon with times its 
weight of carbon to whiteness, then treating with dilute Bulphuri<* acid and filtering. 
Zr(S() 4)2 is in solution. 

A. J. Phillips^ says the best way to produce ZrCb is to buh)ble CI 2 through hot water 
and then pass the moist gas through a retort heated to about 500°CX and filled with 
small balls of zirconia and petroleum coke. The following table of chlorination 
temperatures is given. 


CHLORmATJON BT MIXTURES OP CL2 AND CO 



CO in excess 

CU in excess 

ZrO, 

480 

425 

Sn02 

400 


MgO 

476 


AhO 

450 


Fe20a 

460 

370 

Cr^, 

625 


Mn02 

460 


IT»0, 

1 

500 
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of Platiniiiii Coiicentrat«s. — lu geneml, the recovery of the 
amo^group metals is based on their solution in aqua regia and their recovery 
ae double-ammonium chlorides. 


In the treatment of crude platinum concentrates, the first step is a 24-hr. leaching 
with 3 1. of hydrochloric acid and 1 1. of 35**B£. nitric acid per kilogram of 

platiniferouB material, keeping the mass (held in porcelain vessels) at 80**C. The 
insoluble residues from several portions thus treated will ordinarily be combined and 
treated again in the same manner for the recovery of further platinum. The insoluble 
residue from this retreatment is eventually treated for the recovery of iridium and 
osmium (see pp. 1414-1416). • 

The solution is decanted from the insoluble residue and evaporated with the 
addition of about 1 1. of hydrochloric acid to each 6 or 7 1. of first solution. The 
evaporation should bo carried to 140 or 150°C., in order to alter the iridium to sUch a 
form that it will not precipitate with the platinum in the next step. 

Redissolve the evaporated mass in hot water and allow to stand for a few hours. 
Usually a residue of gold and platinum will separate out. This residue should bo 
calcined, redissolved in aqua regia^ and the gold thrown down with HNaSO* after 
evaporation with additional hydrochloric acid. Ferrous sulphate can also be uhhI. 
The filtrate from the gold is added to the original platinum solution. 

The platinum solution is then brought to S0°B6. (ordinarily it will be stronger 
than that), and a 30 per cent ammonium chloride solution added, 2 1. of ammonium 
chloride solution per liter of platinum solution, pouring it in graduslly with energetic 


stirring. 

Allow to stand about 3 or 4 lirs., not longer, or iridium will begin to separate, and 
then filter off the precipitate and wash with 20 per cent ammonium chloride solution, 
about 1 1. of wash solution being used for each 2 1. of original platinum solution. I'he 
precipitate should be canary yellow.' 

The precipitate is dried in cmcibles and is then calcined about 8 hr. at between 
700 and 800®C., the heat being raised gradually. Poised silica ware is best for this, as 
even 1 per cent of iron in a clay crucible contaminates the material with iron. The 
atmosphere should be strongly reducing. 

The product of this calcination is known as “platinum moss." It is crushi'd in a 
mortar and boiled in 1 : 5 hydrochloric acid to remove any adhering* iron. 

If the moss is to be used to produce an agglomerated mass of platinum it should be 
ealeined at an even higher temperature, but the temperature given is sufficient if it 
is to be used for platinum salts. 

Iridium Recovery. — When the solution from the precipitation of platinum 
with ammonium chloride is left standiuR, the iridium at length comes down as 
(NH.)jIrCl«. This is filtered, washed, dried, and calcined, giving iridium moss. 
The iridium moss is then treated with dilute (i.e.,l;3) regia, in which the 
platinum dissolves and iridium remains insoluble. The platinum solution goes 
back into the first stage of the process, while the decantato, filtrate and wash 
waters from the iridium preeipitatioii are treated with zinc and sulphuric aoid, 
or cast iron and sulphuric acid, throwing down all the heavy metals remaining in 
solution. This precipitate is known as “first blacks. V See also the lead sepa- 


ration” bn p. 1415. , i j 

This is filtered over a vacuum, washed, dried, and put m a bone-ash cupel and 
roasted in a muffle. A treatment with 1 : 6 H»SO< will then remove the copper, giving 
“cleaned blacks,” which are washed by decantation. 


1 Thomu A Wrijcht »y> the P«eiPit*te bwoit). contaminated with paUadium on stand^ 
and t”t it .hould not stand over five to ti n minulee. Further footnote, msned T. A. W. are by Mr. 


Wright. 
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The ^'cleaned Macks’’ are then heated with dilute (1:9) CKIKu re|Ka>jgivinc 
and traces of Kh and Ir in solution, and Ir and Rh in the residue (^^insc^fohle hlactra ”). 

Nitrates are removed and the platinum thrown down from solutions as was 
discussed under Treatment of Platinum Concentrates, on the preceding page. The 
platinum thus produced is known as black platinum.” The filtrate contains lead, 
rhodium, and iridium. These are thrown down again with soft iron or sine ahd 
sulphuric acid, the precipitate being known as “second blacks,” the second blacks then 
being roasted and cleaned with HCl (1 ; 3) and redissolved mt^aqua regia. Evaporate 
to a spongy consistency with addition of HCl to get rid of the nitric-acid compounds, 
then dissolve the spongy mass^in ammonia water. Add hydrochloric acid to acid 
reaction and yellow (NH4)2PdCl« should come down. The filtrate carries rhodium 
and iridium, which should be added to the solution from the insoluble blacks.^ 

Treatment of the Insoluble Blacks. — The insoluble blacks are mixed with 
three times their weight of Ba02 and stronj^y calcined in a coke furnace for 5 or 
6 hr. Na202 may also be used, taking 5 to 10 times as much as there is of the 
residue. It is beet to use fresh Na202 containing little CO 2. 

The mass is ground and dissolved in 16 HCl : 2HNO3, using 4 1. of the mixed acid per 
kilogram of the mixture of blacks and barium peroxide. The solution should be feebly 
red. 

Evaporate in porcelain to dryness so as to render insoluble the silica which has been 
introduced by the barium dioxide treatment. Redissolve in hot water, adding a little 
of 16HC1:2HN08 mix already used. Settle and decant, and wash the silica residue 
with hot water. 

The consumption of acids can l)c lessened by leaching the barium dioxide fusion 
with hot water, discarding the solution, and treating the insoluble residue with the 
1 5 : 2 HCl : HNO* mixture. 

Precipitate the barium in the solution with H2SO4 and filter off the solution. Heat 
the barium-free solution in porcelain on a sand bath, gradually adding NH4CI to 
saturation. Use about 300 g. of the salt per liter of liquid. After 3 or 4 hr. a purplish 
black precipitate of (Nll4)2lrCl6 comes down. Filter and wash imtil the filtrate is 
only slightly colored. 

The filtrate contains rhodium. It is treated with zinc or iron and sulphuric acid 
to produce crude rhodium (“rhodium blacks ”). 

Production of Osmium. — Melt the insoluble residues from the original plati- 
num treatment with four or five times their weight of pure zinc, and then heat for 
several hours at a white heat to distill off the zinc. The fumes from this distilla- 
tion contain osmium and should not be inhaled. 

Powder the residue from this zinc treatment and mix with three times its weight of 
Ba02. Pulverize the “moss” thus 'obtained. Wash and dry. A train of Wolff 
bottles is then arranged. The first has three outlets, one used to let in a mixture of 16 
parts HCl:2HNOa, as required; the second is used as a steam inlet, and the third 
connects to the receiving train. In practice, this fiask is large enough to contain 10 
kg. of moss; 15 1. HCl; 2 1. HNO*. The moss is placed in the bottle and the train 
connected, the acid in the above quantity admitted and steam then passed in, the 
bottle itself being heated. The receiving train consists of five bottles of the same 

^ To effect the precipitation of platinum with NU4CI it ia always necessary to remove completely 
the HNOs. Otherwise palladium and iridium are precipitated also. Although palladium, when 
present in appredable amounts, is precipitated with platinum whether HNO3 is present or absent, in 
the laat case it is one of occlusion. Palladium forms two salts with NH4CI. that of the higher state of 
oxidation being insoluble in excess of NH4CI: that of the lower state of oxidation being soluble. — 
T. A, W 
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«»*^n»»« wftter, the fourth NuOH, and the fifth NaiJSO* 
OsBifum distfig, mdmtn and ruthenium remain behind. 

ae “ pwoipitated hot with Mumoiuttm ehloride 

.wa«Aed, filto^, dn^, and calcined to moss, which ia cleaned with 1:3 agva r^. 
Platmum and palladium that have been carried along this far will dissolve and can be 
returned to their appropriate place in the cycle. 

J^ke toe solution oPthe osmium in water in porcelain, add NHiOH to alkalinity 
and heat for 1^ hr. Filter, wash, dry, and roast the precipitate to metallic osmium. 
liOok out for the fumes, which are dangerous. 


Indium-ruthenium Separation. — Reduce the ammonium-iridium cliloride to 
moss/^ Bring a mixture of 3 parts KOH and 1 part KNOs to a quiet fusion and 
slowly add 1 part of the moss by weight and hold at a dark-red heat for 1 to 
2 hr. Cool and treat the melt with c(Jld water. Na202 can also be used and some 
consider it preferable. 


KaRuO* dissolves; the iridium ia practically insoluble. The ruthenium is then 
precipitated with zinc.^ 

Decant and wash the iridium with sodium chlorite until solution is no longer red. 
Take the insoluble residue and clean it with very dilute hydrochloric acid and calcine, 
Wash with hot water and very dilute hydrochloric acid. Strong hydrochloric acid 
carries iridium into solution. Give the insoluble residue a dead roast on the filter.* 

Take the filtrates and wash waters from all the above treatments and bring 
everything down as “blacks.” Wash and calcine, then dissolve in 1:3 aqua regia* 
This dissolves the platinum, palladium and gold* and leav<*8 an insoluble residue of 
rhodium and ruthenium. The gold is precipitated with sulphur dioxide after evapo- 
ration with additional hydrochloric acid,® and the solution then treated with zinc and 
sulphuric acid, the precipitate, after calcining and cleaning with HCl, being almost 
pure palladium, providing the original separations have been carefully made. 

Melting of the Platinum Metals. — These metals are all best melted in a crucible 
made of quicklime, with a cover of the same material. Platinum, like silver, 
absorbs a relatively large quantity of oxygen when molten. i\fter melting the 
platinum, this can be burned off by reducing the oxygen blast and allowing an 
excess of gas to enter the furnace. Palladium is still worse. 

Lead Separation of Platinum and Iridium.® — The metal is melted with ten 
times its weight of pure lead in a covered graphite crucible, in wliich is also placed 

^ See Journjil Anlpncan Chemical Society , December, 1925. Two ariiclea by Jamee T.,ewi) Howe 
and associates. Separation of ruthenium and solubility of certain of its salts. 

> It IB very difficult to wosli out the ruthenium salts with sodium hypochlorite and during the opera* 
tion ruthenium is volatilized and hMt. The washing is best done* by deear tation, as m filtering through 
paper, the latter becomes clogged by ruthenium reduced by the carbonaceous matter of the filter. The 
ruthenium is better precipitated with magnesium ribbon but keep the solution acid or it will be difficult 
to remove the magnesium salts. Always wash all platinum group metab precipitated as such with 
aeidifiied water and m the (ase of both finely divided residues and precipitate it is best to use paper 
pulp m filtering. — T. A. W. 

* Palladium is soluble with difficulty when oxidized. It should be reduced after calcining.— T. A. W. 

< It also dissolves some rhodium. Note that when finely divided, freaUly precipitated and unig- 

mted and undried these metab are the most readily attacked with aeids. When compact or when 
ignited indium, ruthenium, rhodium and osmium are difficultly soluble. This is the distincUoa which 
the literature very often fails to make therefore the cause for so-ealled conflicting statements* Of 
general interest also is the fact that rhodium is found in most all of the aqua regia solutions: ruthenium 
and osmium rarely. — T. A. W. 

* Au precipitates thrown down with SOx are contaminated with palladium and copper if the latter 
are present in any quantity — T. A. W. 

* Prom ^'Methods for the Hecovery of Platinum, Indium, etc , from Jewelem* Waste," Bur Mines 
Teeh Paper ^2, 
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onougl) povirderod wood charcoal to cover the molt about 1 in.^ '|‘he heating is 
conducted in a furnace and should be continued at red heat for about two hours. 
After the alloy has cooled it is removed and the charcoal washed off. The metal 
is then treated with successive portions of dilute nitric acid (1 to 6) during 4 or 
5 hr. (it is well to let it digest overnight). The solution, which contains the lead . 
and some platinum, is separated by decantation through a filter; the residue, 
containing iridium and platinum, is washed with dilute ni^fic acid and then with 
hot water. The filtrate and washings are evaporated until crystals begin to form; 
then sulphuric acid is added until no further precipitation takes place, a little 
more being added to be sure of an excess. The white precipitate containing part 
of the lead as sulphate is removed by filtration and washed with hot water. The 
filtrate is evaporated on a sand bath until copious white fumes come off ; then it is 
cooled and water is added. The cold solutiqfi is filtered and the white residue con- 
taining the rest of the lead is washed with water. 

The filtrates and wash waters are evaporated just to dryness and are treated with 
hydrochloric acid, after which the platinum may be recovered as ammonium ehlor- 
platinate or by precipitation with metallic zinc and hydrochloric acid. 

The residue from the nitric acid extraction containing the indium and the rest of 
the platinum is treated for several hours with a mixture of 1 part nitric acid, 4 parts 
hydrochloric acid, and 9 parts water at a temperature of 80°C. It is well to let this 
reaction go overnight. The residue is filtered and washed with hot water and is then 
melted again with lead and treated as before to remove the small quantity of platinum 
that may still be present. 

Osmium Poisoning.— The metal osmium must be handled with great precau- 
tions. It oxidizes slowly at room temperatures when finely divided or powdered 
and the oxide appears to have a sufficient volatility at ordinary temperatures to 
make the presence of the powdered metal in the room poisonous to some people. 
The oxide melts at 40®C. and boils at about 100°C. It is highly irritating to the 
mucous membranes and to the eyes. While the blindness (or in light poisoning 
cases, the intense smarting) is usually believed only temporary, and no perma- 
nent bad effects are ascribed to osmium fumes, Schoeller and Powell state that 
the oxide is reduced to metal by contact with the tissue *^and the metallic film 
thus deposited on the cornea produces permanent injury to the eyesight.'^ 
Osmium fumes should, therefore, be kept as much as possible under a hood and 
close-fitting goggles or a gas mask should be worn by any one exposed to them. 

OsOi reacts with hydrochloric acid of 1.16 sp. gr., but not with weaker solutions, 
forming OsCb. 

RuHiemum. — R. A. Cooper® says that ruthenium fumes, like those of osmium, 
are hard on the eyes of anyone working with them. The RuOi begins to volatilize 
at about 600®C. 

A concentrated solution of RUO4 will dissolve with concentrated NH4OH to form 
gray-brown (NH4)2Ru06. RUO4 reacts with HCl of over 1.160 density to form RuCh, 
but does not react with acid below that strength. 

It should be noted that the methods as here given for the treatment of the plati- 
num metals are essentially that given by Louis du Parc in *‘Le Platine du Mende,'^ 
referred to in Chap. XXIX. 
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METRIC— ENGLISH EQUIVALENTS 


Lengtii 

Volume 

1ft. - 0^3048060096 m. 

1 cu. yd. = 0 764559445 cu. in. 

1 in. St 2.540005 cm. 

Icu. ft. = 0.028317 cu. m. 

1 m. = 3.28083 ft. = 39.370000 in. 

1 cu. in. = 16 3872 c.c. 

• 

1 cu. ft, = 0 028316 1. 

Area 

1 cu. in. = 16.3867 ml. 


1 eu. HI. = 1 .3079 eu. yd. 

1 sq. in. = 6.452 sq. cm. 

1 c.c. = 0 06102 cu. in. 

1 sq. ft. = 0.09290 sq. m. 

1 1. * 61 025 cu. in. = 0.035315 cu. 

1 sq. yd. = 0.83613 sq. in. 

ft. 

1 sq. m. = 1 1960 sq. yd. == 10.764 sq. ft. 


1 sq. cm. = 0.15500 sq. in. 



Mass 

1 lb. (Avoirdupois) = 0 4585924277 kg. 

1 oz. (Avoirdupois) = 28 3495 g. 

1 oz. (Troy) = *^1 1034S g. 

1 dram (5 =3 3, apoth.) = 8 887935 g. 

1 kg, = 2.204622341b. (Avoirdupois) - 2.67923 1b. (Troy) 

] g. = 0 035274 oz. (Avoirdupois) = 0 082151 oz. (Troy) 

- 15.4324 grains 


Capacity 


1 (jt. (liquid) ~ 0.94633307 1. 

1 qt. (dry) = 1.1012 1. 

1 i. = 1.05671 qt. (liquid) = 0 1)081 qt. (dry) = 38.8147 11. oz. 

1 fl. oz. -= 0.0295729 1. = 1 80469 cu. m. 

Note, — 1 gal. (liquid) = 231 0 en. in. 

1 bu. (dry) = 2,150.42 cu. in. 

1 1. = 1,000 027 c.c. 


Energy 

1 hp, = 0 746 kw. = 33,000 ft.-lb. per minute 

1 kw. = 1 341 hp. = 1,000 joules per seeonO 

j = 1 383 X 10’ ergs = 1.383 joules = 0. 1383 kg.-m. 

1 poundal = 13,825 dynes. 

1 gram’s weight = 980 dynes. 

1 pound’s weight = 444,518 dynes. 

1 hp. year = 6,535 kw.-hr. 

1 kw.-yr. = 11,747 hp.-hr. 
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Intbbnationai:. Atohio Wbiobts, 1924 


Element 

Symbol 

Weight 

Val- 

eaoe^ 

Electro^ 
ohem. equi- 
valents, g. 
per amp*- 
hr. 

Melting 

points, 

deg.^. 

BoiliDA 
poiats 
d^. C., 
visible 
ebullition 

Aluminum.. , 

A1 

27.0 

3 

0.3354 

658.7 

laoo.o 

Antimony. . . 

Sb 

120.2 

3 

1.4049 

680.0 

1460.0 

Argon ...... 

A 

89.0 

0 


-180.3 

-186.0 

Arsenic 

As 

74.06 

8 

0,9324 

850.0 

450.0* 

Barium ..... 

Ba 

137.37 

2 

2.6610 

850.0 


Bismuth. . . . 

Bi 

200.0 

3 

f 2. 6002 

271.0 

1440.0 


B 

10.0 

3 


2350.0 

3500* 

Bromine.... 

Br 

70.02 

1 

2.0814 

-7.8 

58.75 

Cadmium. . . 

Cd 

112.40 

2 

2.0056 

320.0 

778.0 


Cs 

132.81 

1 


26.0 


Calcium . • - - 

Ca 

40.07 

2 

0.7477 

810.0 


Carbon*. . . . 

C 

12.05 

4 

0.1118 

>3600.0 

3700.0 



140.25 

4 


623.0 


Chlorine 

Cl 

35.46 

1 

1.8230 

-101.5 

-37.6 

Chromium . . 

Cr 

52.0 

3 

0.6476 

1520 to>rc 

2200.0 

Cobalt 

Co 

68.97 

2 

1.1000 

1610» 


Cplumbium . 

Cb 

93.1 

5 


10.50-2200 


Copper 

Cu 

63.67 

2 

1.1858 

1083.0 

2100.0 


Dy 

102.6 







167.7 





Europium, , . 

Eu 

152.0 

1 



Pluorine 

F 

10.0 

1 

0.7085 

-223.0 

-187.0 

Gadolinium . 

Gd 

167.8 





Gallium 

Oa 

70.1 



• 30.1 


Germanium . 

Go 

72,6 



058.0 


Gtucinum. . . 

GI 

0.1 



1280.0 


Gold 

Au 

197.2 

3 

2.4524 

1063.0 

2100. 0 


Ho 

4.002 

0 


-271.9 

-268.8 



Bolmium . , . 

Ho 

163.5 





Hydrogen. . . 

H 

1 008 

1 

0.03764 

-269.0 

-252.8 

Indium 

In 

114.8 



154.5 

1000.0 

Iodine* 

I 

126.02 

1 

4.7353 

114.0 

184.35 

Iridium 

Ir 

103.1 

4 


2300.0 

2850.0 

Iron 

Fe 

55.84 

2 

i.0410 

1.530 ±5 

2450.0 

Krypton .... 

Kr 

82.02 



-169.0 

-161.7 

Lanthanum 

La 

130.0 

■ 



810 0 


Lead 

Pb 

207.20 

2 

3.8654 

327.4 

1525.0 

Lithium 

Li 

6.04 

1 

0.2622 

186.0 

500.0 

Lutecium , . . 

Lu 

176.0 





Magnesium . 

Mg 

24.82 

2 

0.4531 

651.0 

1120.0 

Manganese. 

Mn 

64.03 

2 

l.d256 

1260 120 

1900.0 

Mercury .... 
Molybde- 

Hg 

200.0 

2 

7.4840 

-38.87 

357.0 

num 

Mo 

06.0 

2 

1.7900 

2550.0 

3350.0 

Neodymium 

Nd 

144.3 



840.0 


Neon 

1 

Ne 

20.0' 

0 


-253.0 

-245.9 


1 In those oases in which a metal has two valences, the valence given oorre- 
sponds to the eleotroohemical equivalent, and may not neocssarily be the 
commoner one. ^ 

* Sublimes. * Commercial metal, about 1480** G. 
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Electro- 


BoiUag 

Element 




Val- 

ohem equi 

Melting 

points 

Symbol 

Weight 

enoe^ 

valents. g 

pcdntSt 
d^sg C 

oog C 






per amp - 

visible 






hr 

ebuUithni 

Nickel 

Ni 

58 

68 

2 

1 0940 

1402 ±3 

2400 0 

Niton 

Nt 

222 

4 

0 


-71 0 

-62 0 

Nitrogen 

N 

H 

008 

3 

0 1742 

-r210 5 

-195 7 

Osmium 

Os 

190 

0 



2700 0 

2950 0 

Oxygen 

O 

16 

00 

2 

0 2985 

-218 0 

-183 0 

Palladium 

Pd 

106 

7 

* 2 

1 9951 

1550 0 

2540 0 

Phosphorus 

P 

31 

04 



44 1 

287 0 

Platinum 

Pt 

lOI 

2 

4 

1 8206 

1755 0 

2650 0 

Potassium 

Praseody- 

K 

39 

10 

1 

1 4584 

62 3 

940 0 

667 0 

mium 

Pr 

140 

0 




Radium 

Ra 

226 

0 

2 


000 0 


Rhodium 

Rh 

102 

0 



1040 0 

2750 0 

Rubidium 

Rb 

S') 

15 



38 0 

696 0 

Ruthenium 

Ru 

101 

7 



>1950 0 

2780 0 

Bamanum 

Sa 

150 

1 



1150 0 


Scandium 

Be 

43 

1 



1200 0(7) 

600 0 

Selenium 

Be 

79 

2 

2 

1 477 

218 5 

Silicon 

Bi 

2H 

1 

» 

0 2618 

1420 0 

3800 0 

Silver 

Ag 

107 

88 

1 

4 0258 j 

901 0 

1055 0 

Sodium 

Na 

2i 

00 

1 

1 0 8582 

97 5 

742 0 

Strontium 

flr 

87 

03 

2 

1 6113 

>ra<Ha 

441 6 

Sulphur 

B 

32 

06 

2 

1 0 5980 1 

112 8-119 2 

Tantalum 

Ta 

181 

5 



2850 0 

1 100 0 

Tellurium 

Te 

177 

6 

2 

|2 370 ! 

451 0 

Terbium 

Tb 

j 150 

2 





Thallium 

T1 

204 

0 



302 0 

1700 0» 

Thoniim 

1 lb 

232 

15 



>1700 0<Pt 


Thulium 

Tm 

100 

9 

1 


231 0 

2270 0 

Tin 

Bn 

118 

7 , 

) 1 

2 2144 

Titanium 

Ti 

48 

1 1 

i * 1 

1 0 4490 

1795 0±15 0 

2700 0 

Tungsten 

Uranium 

W 

U 

184 

238 

0 

2 

G 1 

1 1 U37 

3267 0 J 
N«ar Mo 

1700 0 
3100 0 

Vanadium 

V 

51 

0 



1720 0 + 20 0 

100 1 

Xenon 

X( 

130 

7 

0 1 


— 140 0 

Ytterbium 

Yb 

173 

5 



1800 0(?) 


Yttrium 

Zine 

\t 

7n 

89 

0) 

13 

J7 

2 

1 1 ^102 

1400 0 

410 4 

018 0 

Zirconium 

Zr 1 

1 90 

6 



POO OC^) 



Note — In addition to the above elements them is some reason to believe 
in the existence ot a pas cormum (so called from its existence in the. solar 
corona) which would form 0 000J8 per cent of thi ^th s atmosphert ao- 
oordina to Dr A WBorNBR b calculations (Scwwe Oct 31 1913) 

iln those cases m which a metal has two valences the valence Riven cowe- 
Bponds^to the electrochemical equival^t and may not neoesBaiily bo tho 
oommoner one * Also £iven as 1280 C 
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POWBR KlCQUlREMENTS — B lECTROTHERMAL lNDVBTRIEt3| 


Mahsiual 

Kilowatt 

HOURS PXB 
TON 

r 

Matbbial 

Kilowatt 

HOURS FRB 
TON 

Aluminum 

30,000 

Fernisihcon (76 per cent) 

10,000 

Alundum 

2,000 

Ferrotungsten (70 per cent) 

7,600 

Barium oxide 

1,200 

Ferrouranium (40 per cent) 

8,0000 

Cadmium 

2,600 

Ferrovanadium (35 per cent) 

6,8000 

Calcium caibidc 

4 000 

Graphite ^ 

7,800 

Calcium cyanamide 

3 750 

Inm (elect rothcrniic) 

2,500 

Carbon bisulphide 

850 

Iron (electrolytic) 

4,000 

Carborundum 

8 500 

Lead 

145 

Caustic soda, 2,000 lb 

^ 3,000 

Magnesium 

27,000 

Chlorine 1,760 lb 

Nitric acid 

17,600 

Copper (electrolytu refined) 

300 

Phosphonis 

12,000 

Copper (electrolytic) 

2,600 

Potassium chlorate 

1,360 

Ferrochrommm (60 percent) 

8 000 

Sodium 

20,000 

Ferromanganese (76 per cent) 

5 000 

Sodium chlorate 

7,000 

Ferromolybdenum (60 per cent) 8,400 

Tm 

175 

Forrosilicon (50 per cent) 

5,000 

Zinc 

4,000 

1 lOTi) Oeniral hletlric liituu June 

1«>21 





INDEX 


Li|(ht face fii^ures refer to fifnt volume. 

A 

Aeheson graphite electrodes, 635 
Add eggr 449 
pumps, 452 

.Add-leaehiug for lead, 86$ 

Add-^Uned converters, 868 
Add-resisting metals, 579 et a^q. 

Actinium, 1666 

.Admirdty metal 27, 523, 583. 500 
Adnic, 537 

Adobe roasting furnace, 307 
Advance metal, 587, 588 
Aggregate, ooncrete, grading of, 648 
Air chambers, in cyanidation, 1084 
drying by, 470 
humidity tables, 445, 471 
lift, 449 
pumps, 460 

separation (ore dressing), 124 
weight at various temperatures, 455 
Ajax- Wyatt furnace, 429 
\io eopp«*r practice, 10T7 et seq. 

Akins classifier, 156 
\ladar, 781 
Aldebaraniiim, 1886 
Alkali metals. 781 
Alkaline-earth metals, 788 
Allen cone, 146, 189 

roasting furnace, 309 
Alloys, aluminum, 20, 43, 538 
antifriction, 32, .530 
antimony, 33, 34, 35 
babbitts, 33, 331 
coinage, 40 

copper, 26, 28. 36, 37. 40 
electrodepoeition of, 691 
fusible. 31, 542 
gold. 39, 886 
Heusler’s, 4 
lead, 34. 42 
nickel, 38, 46 

resistance to corrosion, 571 
silver, 38, 39, 40, 888 
solubility curves, 10 
steels, 602. 569. 570 
structure of, 10 
ternary diagram, 30 
thermal diagram, 11 
tin, 28, 35, 36. 37, 41 
v»hite metals, 631 
sine, 26, .36, 37. 44 
Alluinal concentration, 1005 
Alternating current, 612 
polyphase, 617 


Black face figures refer to second volume. 

Altitude, efiect on compreHsioti, 464 

Mumina, preparation of. 701, 704 
refractonos, 38 1, 396, 400, 402 

Aluminates, calcium-iuagncsiurn, .52, 53 

Aluminum, alloying practice; 786 
alloys, 43, 538, 718, 788 
bibliograplur, 751 
brotisa. sflT 
-calcium silicates, 49 
casting alloys, 780 
-rusting defects. 787 
cell for producing, 701 
chemical properties f>f, 718 
chips, briquetting, 430 
composition, cuaiiucrcial, 711 
consumptiun, 686 
-copper alloys, 20, 58(),‘ .584 
corrosion of, 716 
(racking of, 718 
as cyanide precipitant, 1088 
dir casting, 788 
discovery of, 888 
drawing practice, 744 
effect on copper conductiv., 880 
electrode manufacture, 711 
^•lcct^olylc coiuposiliou, 706 
elcctruplating, 760 
extrusion practice, 744 
forging practice, 748 
foundry practice, 784 
frecxing point of. 24S 
furnaceM 710 
heat treatment, 747 
Ivcat-trcatmciit of alloys, 45 
imports. 686 
leaf, thickness of, 2 
light alloys, 43 
machining, 760 
-magnesium silicates, .'lO 
mechanical prop^ rties, 714 716, 786 
incchaiucal treat om nt, 741 
melting point of. 24M 
melting practici^ 730 
metallography of, 746 
minerals, 700 
molding sands, 786 
-nitride refractory, 391 
oxidation of, 718 
prices of, 708 
producers of, 684, 696 
properties, 637, 718 716, 786 
reactions, 718 

reduction of, 684-686, 700, 70S, TlO 
resistance to corrosmn, Vil 
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Aluminum rolling prafttioe, 741 
secontlAry, TS8 
ahm, 5 j7, 748 
silicon hUovs, 781 
solder! HK, 747 
struct unil matmal, '>37 
tclluridi 1407 
-titanium bronse, 690 
usos of 788 787 
ueldinK 747 
working 749 
-sine alloys 44 
in Zn-cl< ctrolysis, 1185 
Aluininum-chloridi in oil ciackiiig, 1186 
Alumlnut)i-< blond* prodintion 1181 
Amalgam treatnumt 1018 
Amalgamation, 1010. 1013, 1084, 1188. 1180 
Ambrac 517 

Aiueritan filter 305 219 220 
Ammonia ns copper aolv* nt 1087 
Ainniomum *arbonatc us copp* r solvtnt 1087 
proper! us 792 
Ampvo metal 5HJ 

Amporo t ficicncy see (fti(icnp> current 
Amp* re-hour cbctncal deposits iS77 
Anaconda sme process 1096 
Aiigelini furnace 941 
Angle of mp HO 
Angles properties of 171 >10 
Annealing c ffc c t of on inetaN 7 
Anodes, insoluble OS 5 
le ad re fining 1089 
materials for <)S5 
overM)ltage 982 
sampling < oppe r lOS 
shapes of f)S4 998 
slimr tie at Hunt 977 
Aotbraedu boiling peunt 291 
Antidote foi evanule poisoning 1039 
Antifriction alloys ti 

Antimonides dissoe lation of in toasting 102 
Antimeiny 816 ' 

nllotieipie forms 817 
irse me s paration 884 
blast fiiniHee for 831 

< he mual p opertirs 817 
(opprr (oneluetu effeet on 980 

< oppe I e f1 e e t on 968 
reippe r tin diitgiam 1> 

(Vaiudition of eins of 1019 

doubling 638 
eleetrohlu 888 
1 nglish pption method 832 
fie ( ring point of 2t7 
llcrre use h midi protess 386,830 
le tid-tm H 

iKiUHtmii of 880 
melting point of 217 
iiKtsilie proeiue ( ion ol 828 
tiatuie of 816 
pigments 818 
precipitation b> non 1113 
leeiiictionol 818,884,881.841 
ufimn,i 837.839 
re MUll c e s 844 


Antimony, reverberatory furnaoa for, lil.lHfitf 
rubber vulcanising, 818 | 

starring mixtures. 888 
tetroxide, preparation of, 888 
-itin thermal diagram 33 
uses. 818, 818 
yellow antimony, 817 
in Zn-deposition, 1118 
Arc furnaces, 840 
Ardometor, 282, 283 r 
Arsenic 804 

Anaconda metallurgy 808 
-antimony separation, 884 
from arsenical pynte, 813 
bag houses fejr 818 
chemical properties 804 
condensing kite hens, 818 
I consumption 808 
in eyanidation 1019 
effect on copper 988 
effect on copper coiidue tivity, 981 
extraction 806, 808, 818 
funiaets for 808 
Jardine Min Co s practice, 813 
lead-arsenate making 814 
physical properties 804 
precipitation by iron 1113 
refining 811 
roasting flue dusts 810 
sources BOO 

tnoxide manufactun 814 
uses 804 

white produc tion, 808 
in zine deposition 1133 
Areenidrs dissociation of in roasting 102 
properties of 49 
Asbestos refractories 191 
Ase edoy 577 

Assay foil version table s 1084 
Assay for niolybdc num 1338 
quicksilver 1807 
tin 1889 
tungsten 1888 
lira mum 1386 
vunadiuin 1888 
Assu<^ e r s riffle 92 
split shovel 91 
Atent* 5SS 5H9 599 
Atkin s Shi iver filter press 208 
Alomie vMight table 1418 
Augustin process 1088, 1163, 1184 
Avrta (oal separator 180 

B 

Babbitts lead-base 33 551 
tin base 55 551 
B^gfiltei for Puc-duHt 408 
Bag house 8 for arse me 818 
rinc dll'*! 1140 
Baih furnace 941 612 
Baker Burnell protess 1187, 1184 
Baker s filtration formula 205 
Balbach proecss 988 
Bill mills 75 77 7H 
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tm 


iMAtton o(| in ttommvl, 120 

dloyi,m 

compounds, 401 
Fmry motal, 80S 
^ teduotion of, 808 

amalgamation, 1084, 1158, 11^0 
summation, 1001 

"Ikarflott process for sine leadi8ulphid<>s 008 
lined converters 988, 964 
B^l^mnese furnace 611 
Batfute, analyses of 889 
'‘composition 897 898 
' mining 897 701 
preparation 701 
production 701 
refractories 382 
Bdynp alumina process 708 
Beams, bending 47‘) 
concrete 551 
frame 482 

properties of 47 i ^lO 'iH 
sections 475 
stresses 477 

Bearing nietals 13 510 511 
Frary metal SOS, 8SS 
Becquerel e m f '250 
Belgian tine furnace 1804 
Bend tests 489 
Benedict copper process 1067 
Benedict s metal 536 
Bentonite as ref rac lory 182 
Bontophfnone boiling print 2il 
Beryllium 1S96 

Betts elec trolyiic lead pr r is 1094 
Bichromates manufacture cf 1289 
properties of 1960 
Bin loading 486 

Bind* r« for bnejuet ting 420 4 10 4 41 
Bfitmuth 848 

thcnnral properties 845 

coppe r c ffeet on 981 

copper ( inductivity iTietn 982 

crystallization 861 

electrolytic refining 852 

extraction 848 

history 846 

imports into I S 846 

mlcadsline 849 

Parkes process applied to 851 

Pattmson proct ss appli d t i 851 

physical properties 846 

re covery from lead biilli n 848 

refining 849 

revf rbcralory roiistnu ti ui 853 
sources 846 
uses 848 

Black body conditions in p>rotn try *76 2H4 
Black- Ctard process 1081 
Black sand treatment 1009 
Blaisdell distributors 186 
filter 214 
Blake crusher 61 
Blanket concentrati n 1009 


Blast f UrnacM, andmon^ , 881« 898 
charging, 888, 944 
oliemUtry (lead), 888 
cobalt, 1881 
copper, 841, 848 
letad 870,878 

nickel 1888,1898,1888,1801 
tin, 1881 

Blast roasting, 317, 321 
applications, 338 
Carnuchacl Bradford 321 
Daight Lloyd 321 427 
evolution of 321 
Huntington Iloberlcin 321 
proroastiiig in 326 
principles of 324 
Savelsberg 321 325 
scope of 318 
theory of 323 
Blr nd( ruasting, 1198 
Blister copper rehning 988 
sampling 100 
Blcwers 463 469 
Blowing concentration by l"^!) 

Blue powd( r produe tion 1194 
Blue stone manufacture 975 
Boilers wastt heat 445 ^ 

Bolling point table 1419 
Boiling tin 1886, 1888 
Booth furnace 642 644 
Boron nitride refractories 111 
B>ss pr cesh 1084, 1160 
B )ul classifier 155 
thickener 104 

Hradf irci C fininchae 1 proc ss 42f> 

Brass <c rro'^i >n resist aiie >76 581 582 
pipe '>J) 
prcpertiesof 520 
S( uson ( rat king 27 52 4 
sheet 5i,5 

ihcrniHl diagram 27 
Bn k building 4 *7 
refract )r\ 342 f< 

1 lying r frnctory 47H 4 1 4 
sizes (f fire 404 
Bn iginari sin pie r 0 4 
Brine le ai hing 1164 

for coppe r 1178 
for 1« id 864. 1170 
for silver 1164 
f ir vaiiadiuiT 4164 
for zme 1147, 1174 
Brijicttrs test mold for 848 
Briepiettuig 42 4 

if ter tieatment in 4 4K 
binders for 4*9 4 40 4 41 
eurb mization in 4 40 440 
coal 4 42 ^ 

metal scrap 424 42(» 429 4 40 
plant design 4 41 

British Aincriein Nnkel C jrp s prceess 1801 
BnttJe^nrss i rd* r of me tala in 2 
Broinocyanide prexess 1088 
Breinze aluminum 24 >80 5S4 
bearing me tals 544 
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$ 3 ^, 579, 5^2 

pliosphoT. 41, 525« 525, 583 
plfutitk, 42 
propertieB, 520, 596 
resistance to corrosipn, 570, 583 
thermal diagram, 28 
Brovin roasting furnacB, 300, 316 
Hrttrkner roaster. 317 
Brunt on sampler, 03 
Bm kman furnace, 642 
Bullion parting, 984 
refining, 984 

Bullion sampling, magnetic particles, 101 
templets, 102 
top and bottom, 100 
Bullion, segregation in, 100, 103, 104 
Busbars for copper eleet roly sis, 988, 1088 
interlaced, 628 
for smt electrolysis, 1184 
Butters filter 213 

C 

Cadmium, effect on copprr tonductivity, 981 
freesing point of, 248 
prope^rtits, 1880 

recovery in Zn process, 1119, 1180, 1884 
sine deposition, effect on, 1188 
Caesium, 793 

compounds, 793 
metallurgy, 793 
oc c urrence, 793 
properties, 793 
Calcium, 795 
alloys, 799 

-alumina silicates, 48, 53 
-arsenate manufact ur< , 810 
compounds 799 
electro reduction of, 790 
-magnesium silicates, 5] 
metallurgy, 796^ 
properties. 790, 798 
Kathenau cell, 797 
submerged cathode cell, 797 
sine deposition, eff< rt on, 1130 
('aldecott cone, 145, 146 189 

slime-collecting system, 1088 
C allbrat ion data for thermocouples, 270, 291 
Cahdo, 578, 506 
Cahte, 572, 575 590 
Callow cone, 145, 193 

flotation machine, 18 i 
("alumet classifier 140 
Calumet A Hecla leaching practice 1067 
r anvas ooncentration, 1010 
Carbide furnat os, 650 
C arbocoal briquettes, 440 
(Wbon as cyanide precipitant, 1038 
diagram m steel, 405 
electrode manufacture, 711 
electrodes, 634 
properties of, 667 672 
refractoriens, 387, 308, 400 
Carbonisation in briquetting 4^, 440 
Carborundum furnaces, oOO 


Card table, 175 

Cannthian prooeeB of lead amellioOf Ml 
CarmSohael-Bradford prooeBB, 321, 322, 320 
Carnotate, deposits of, 1348 
Caron process, 1080, 1140 
Carrier sodium cell, 780 
Cassiopeium, 1890 
Casting machine, Clark, 974 
straight line, 970 
Walker, 974 t 
Casting magnesium, 774 
Casting wheel, 980, 978 
Cast iron, defined, 40 
pipe, 403 

properties of, 402, 567, 568 
Castner sodium cell, 788 
Cathodes, lead refining, 1080 
r materials for, 686 
shapes of, 686 

Cauldron process, 1188, 1160 
Caso process, 1004, 1108, 1100 

roasting for, 208 
Cell resistance, 687 
Celtium, 1896 
C ( mentation, 1001 
Cements, 542 

C f ntrifugal compressors, 405 
nela, 122 

separation of flue dust, 406, 407 
separation of slime, 226 
Cena, properties of 390 
Cerium, metallurgy of, 1096 
removal of, 1894 
Channels, strength of, 473, 510 
Chaplet-N<q-Metallurgie furnace, 643 
Characteristic curves, pumps, 466 
Chart oal, 233 

Chatillon protess for antimony, 387 

Chrmical stoneware, 595 

Chemical symbols, 1419 

Chill Copper Cos li aching practici , 1076 

Chill mills, 74 

C'himneys, 454 

horsepower of, 45b 
Ohisholm-Boyd-White press, 438 
Chloride volatilisation process for lead, 866 
Chlondising roasting, 298, 1168, 1161, 1078 
Chlorination process, 1000 
Miller, 983 

( hlorini: detinning by, 1185 

I ffeet on sme deposition, 1133 
history of use of, 1101 
hyposulphite leaching, 1104 
in metallurgy, 1161 
metallurgical tree, 1103 
removal from copper solutions, 1077 
Chromates, manufacture of, 1809 
properties of, 1860 
Chrome irons, 677, 596 

nickel alloys, 580, 1810 
mckel steel, 506, 571, 596 
steel, 506, 569, 571, 573 
Chromel, 577, 590, 596 
in pyrometry. 256, 257 
Chromite refrai tones, 391, 398, 402 
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ditoAukto It^&iilaeture, ixn 
depoaitioo of. mi 
feilrOofaroinittm tnaoufueture, mt 
metal redootioa, tatO 
Cimet, 579. 599 

Cireuit reeistanoe, copper refining. 971 
Ciroi^dar roasting lumsees, 312 
Oiroitiation of electrolyte, copper, 970 » 979 
lead. 1090 
sine, 1117 

Clark easting wheel, 979 
Classification, 132 
factors in, lOi 
free settling, 133, 134, 163 
hindered settling, 133 
Rittingers formula, 135 
Stokes formula, 135 
theory of, 134 
Classifiers, Akins. 156 
Bowl, 152 
Calumet, 140 
Deleter, 144 
Dorr. 148 

Fedend-Esperansa, 159 
free-settling hydraulic, 138 
Oates, 140, 141 
hindered settling, 142 
Lake Superior, 138 
Merrill, 141 
Ovoca, 160 

Richards shallow pocket, 139, 140 
Richards-Coggin, 140 
liiohards-Janney, 143, 144 
spitzkasten, 137, 138 
Bpitzlutte, 142 
surface-current, 137 
types of, 137 
Claudot prooesB, 1099 
Clay, firing shrinkage of, 378 
Clay refractories, 365, 398, 402 
firing behavior, 370 
laying, 378 
siliooouB, 371 
testing, 368 

Clay-bonded silica refractories, 380, 3i)H, 402 
Clean up, quicksilver plant, 1240 
Coal, analyses of, 229 
anthracite, 228 
bituminous, 228 
briquetting, 432 
cannel, 228 
sampling, 95 
semjbituminous, 228 
storage of, 224 
sub-bituminous, 228 
Cobalt, blast-furnace smelting, 1181 
chemical properties, 1987 
ohlofidising process, 1187 
copper, effect on, 989 
extraction of, 1187 , 1979 , 1999 
metallurgy, 1979 
ores, 1979 

precipitation of, 1989 
properties of, 1997 


Cobalt, separation from itickti. IMw 
0844,1197 ^ 

lino preeipitatWn, effect bn, IIU 
Cednage alloys, 40 
Coke, 230 

low-temperature distillation, 233 
shatter test for, 231 
specific heat of, 232 
Cold work, effect of, on metals, 7 
hardening by, 8 

Cold-junction correction faeton, 263, 209 
Colloidal fuel, 243 
Columbium, 1398 
Cidumns, bending, 477 
Euler's formula for, 478 
loads, 480, 515 
Rankiue's formula for, 478 
reinforced concrete, 563 
Combuston, data, 237 
general principles, 234 
ignition temperatures, 235 
perfect, 238 
surface, 241 
temperatures of, 237 
Comet metal (Elalco), 578, 596 
Compressed air pumping, 449 
Compression, effect of altitude on, 464 
Compressive strength of refractories, 364 
Compressors, centrifugal, 465 
oharaoteristio curves, 460 
hydraulics, 462 
hytor, 470 
piston, 463 
Concentration, 161 
air, 169, 1008 
alluvial, 1009 
blanket, 1009 
canvas, 1010 
dry, 1008 
electrostatic, 178 
fine-sand concentration, 171 
notation, 181 ' 

jigs, 163 
limit of, 162 
magnetic, 177 
sand-tables, 172 
slime, 176 
vanner, 175 
Wilfley tables, 172 
Concrete, 547 

reinforced, 549 

Condensers, quicksilver, 1283, 1939 
sine, manufacture. 1911 

Conductivity, copper, effect of impurities, 990 , 
981 

electric, laws of, 61 1 
lead electrolytes, 1097, 1091 
thermal, refractories, 357, 364, 376 
C/onductors, crois section sizes. 636 
for furnace work, 027 
Cones, Allen, 140 

Caldecott, 145, 146 
Callow, 145 
dewatering, 193 
double-classifier, 141 
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CottWf Mcrzilif 141 
£hger, 349 
Conical miUs. 80 
Conley vanadium proceea. ISSl 
Conneotiona for furnaoea, 627, 628 
delta. 632 
reautor. 620 
Scott. 630 
star. 632 

Constantan. 536, 58S 
in pyrometry, 257 

Continuoua counter current decantation, 199. 

10S7 

Contraction of refractories, 340 
Conversion tables, assay values, 10S4 
energy, 667 
measures, 1417 
weights, 1056, 1415 
Converters, for antimony, 885 
copper, 051, 064 
nickel, 1500, 1805 
Coolbaugh process, 297, 31(> 
for lead, 867 
for Bine, 1106 

Cfipper-alurninum alloys. 26 29, 580, 584 
-antimony-tm diagram, 35 
arsenide, properties of, 47 
as structural mail 518 
blast furnaci^B 941t 946 
blast-furnace slags 089 
blister-refining, 956 
brine leaching, 1178 
bullion sampling, 100-110, 111 
-cadmium residue, eh ctro Zn, 1118 
conductivity effect of impuntifs, 980 
converter, 961, 954 
€ leotro refining 964 
freezing point of, 248 
furnace refining 967 
furnaces, typfs of, 940 
-gold alloys, 39 
hydroinetallurgy of, 1060 
iinpuntiCB effects, 9S1 
leod-tin alloys, 45 
leaf, thickmss of, 2 
melting point, 248 
nickel alloys, 534, 536, 1818 
ores, 988 
oxides, 988 
phosphide, 40 

-phosphorus-tin diagram, 41 
pipe, 520 
poling, 961 

properties of, 518, 729 

pyritic smelting, 945, 947 

reduction process for, 946 

removal from sliinf's, 980 

resistance to corrosion, 579 

reverberatory furnace for, 941, 948 

roasting, 940 

strap, briquetting, 428 

Bilieide, 46, 584 

smelting sulphides, 988, 941 

-tin alloys, 28 

Se( also ‘ brass” and bronse” 


Core Bands, aluinumm, t3i 
Cornelius proces*. 1414 
Coruish tu castle. 1851 
Corrosion of magnenum, 759 

resistance of metals to, 575, 596 
Cottrell prooess, 417 
Cowles aluminum process, 706 
Crowe prooess, dekeration, 1081 
Crucible, mixtures, 388 
reduction of Sbs(t|, 881 

Crushers, see ‘crushing machinery” also 
” gnnding machinery** 

Crushing, 57 
at Ajo. 1078 
for concentration, 161 
for leaching, 1088 
C^'nishing machinery, Blake, 61 
disc, 65 
Dodge, 67 
gyratory, 63 
hammor-mill, 67 
JEW, 61 
reduction, 64 
rolls, 69, 75 
stamps, 73 
Symons, 65 
Tclsmith, 64 
Sec also grinding’ 

Cryolite, melting point of, 708 
Crystallization, fractional, 1854, 1887 
C up* llation of It ad, 954, 986 
hearth mabnal, 957 
(’’urrfnt, alternating, 612 
dtiisity, copper ref , 978 
density, zme ref , 1185 
f fficiimc y, copper ref , 978 
t fficicney, lead refining, 1090 
rf gulator for furuai 623 
C yamcidcs, 1018 
Cyanidation, 1016 
continuous, 1087 

continuous counter ( umnt 199, 1057 
costs 1041 

flow sheets, 1089, 1040, 1048-1046 
had in. 1018 
lime, use of. 1080 
losses of cyanide, 1018 
prccipitonts, 1089 
sand and alimt in, 1081 
solutions, treatment of, 1086 
Cyanide bullion refining, 987 
losses, 1018 

poisoning antidote, 1039 
precipitate refining, 1088 
C yclonc settlors for flue dust 407, 409 
sizing, 125 

Cylindrical roasters, 317 
D 

Daily heat-treating furnace, 6.52, 653 
Darby thimble, 887 
Darcet’s metal, 542 
Darling sodium cell, 706 
Davis metal, 587, 588, 596 
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X>e«aiitaUoiii ooQtittuoufl ccHtniercurrent, itd 
nmnle, IWi 

0Moint:^Uon temperature of sulphate, «40 
Doetkln prooesa, 1011 
BehPe filter presa, 206 
Deleter classifier, 144 
slime table, 170 
table, 175 

Deliquescent salts, 471 
Delpiaoc fumaoe, ifiOt 
Delta connections for fumact^s. 632 
generator winding, 617 
Denebium, 1306 

Denny desulphurising process, 1060 
Density, current, copper, 076 
sine, 116S 

Deposition per ampere hour, f)77 
Desilverising lead, 006 
Detinning by chlorine, 1184 
Detroit electric furnace, 420, 643, 644 
Deville-Pechiney alumina process, TOO 
Dewaterer, rotary hopper, 222 
Dewatering, 187 
Diaphragms, 688 

Diaspore refractories, 381, 862, 396, 400, 402 

Die casting aluminum, 769 

Diehl process, 1167 

Diehl and Marriner process, 1068 

Dielectric strength of refract ones, 363 

Disc crusher, 65 

Distilling furnaces, zinc, 1804 

Distributors, 189 

Doetsch copper process, 1070, 1100 
Dolomite refractories, 386 
Dor press, 1616 
Dor^, sampling, 105, 110 
Dorr bowl classifier, 1 52 
classifier, 148 
duplex classifier, 149 
hydroseparator, 155 
inultideck classifier, 155 
thickener, 194 
Dorrro pump, 197 
Double cone classifier, 141 
Double-roasting, 320, 338 
Doubling (antimony metallurgy), 836 
Dow metal, 771 
Dredges, gold, 1007 
Drilling, templets, 102 
top and bottom, 100 
Dry-dust collector, 410, 411, 412 
Drying air, 470 
Dubhium, 1606 
Ductility, order of metals in, 2 
Duraloy, 578 

Duralumin, 43, 540, 768, 764 
Duriron, 573, 567, 577, 596 
Durox refractories, 383 
Duryea briquetting press, 427 
Dust collecting, bag filter, 408, 411 
centrifugal, 406, 407 
Cottrell process, 417 
cyclone settlers, 407, 409 
settling chambers, 400, 413 
washers, 407, 413, 415 


Dust. See also *'gas cleaning, ' 'fnmaoollecting*' 
Dutch leaf, thickness of, 2 
Dwigbt-Uoyd process, 321. 322, 326 
blende roasting, 1606 
fans for, 330 
grate-bars, 332 
ignition, 330 
Dysprmium, 1606 

K 

Edwards roasting furnace, 310, 315 
Efficiency, current, copper, 076 
sine, 1160 
Ekaboron, 1404 
Ekaluniinum, 1404 
Kkasilicuin, 1404 
Klalco alloy, 578 
Elecktron metal, 772, 773 
Electric furnaces, 608 
arc, 619 
induction, 620 
regulation of, 622 
resistance, 619 

Elcctnr and heat conductivities, relative, 665 
Electrical cleaning for flue dust, 40K, 416 
Electrical rcsistanct* of refract nri< s, 363 
Elecfrical units, 676 
Electricity, conductivity ot metals, 3 
conversion into heat, <»r2 
Sec also under seiiurate metals for 
conductivities 

Electrochemical data for h'lid, 1087 
c<iuivalwit8, 676, 1418 
Electrodes, carbon, 634, 692 
graphite, (}35, 671 
lead refining, 1080 
manufacture for A1 rc<luction, 711 
pointing of, 640 
properties of, 673 
shapes of metallic, 68 1 , 096 
for zinc recovery, 1124 ^ 

Electrolysis, acid radicals ni, 68S 
anodes, 684 

cadmium recovery bt, 1110 
eathodes, 080 

chromium depewition bv, 1241 
copper deposition by, 1081 
in cyamdation, 1099 
diaphragms, 088 
electrodi'S, tl84, 686, 689 
electrolytes, 688, <591 
energy required, 678, 1400 
fused electrolytes, 691 
multiple system, Il83 
overvoltage, 682 
passivity. 683 
polarization, 684 
power conzumption in, 693 
series system, 683 
tank materials, 688 
of zinc solution, lllOt 1166» 1160 
KJrctrolytea, commercial, 689 „ 

copper, 070, 076 
fused, 691 
gold, 096 



NON-FeRRom MSTALLtruar 




EliHtrolytcjit, punfifHtion of 691, »T4 
T«wi»tHnr*t (loud), |0i'7 
rCHlslHUCf (xiito) 4189 
Mhor 090 

*inr 1181, 1184, 1137 

I'U ( trol\ tu anhinoiiy txtnotion, 888 
bjitniulh (xtniohfMii 848 
biKiniith n fitiinK, 840, 889 
( )pp« r rohniiiK 884 
<i< < oiuposil ion f III rjcv of (178 
ffuld rcfiuiu4 081 
1( ud n fininie lf>88 
rohiniin; niuldplo, 964 
oofiinniic, Hirui 988 
ailv* r n (iniiiK 887 
hluiuK tn atinonf, 979 
roluUoii-pn HHurf*, bSl 
til) ritiniiiii;, 1888 
rinc 1098, 1919 

Llootroinotullurfo of /nn 1098, 1919 
Llertroniotiv t lnroi solution 1016 

fluoHilKuti solution 1087 
Iloetroplatmic HSI> 
f lettrosfopi, I oust fin ( 1)11 1362 
use of 1868 

bl< ctrostiitK < oiu f ntrutioii 17)!» 

L)( mints list of 1419 
rimorr Um liuie proicss 1171 
niongiitloii of iMitiil sfrtloiis 4S9 
Elurur s « ituntioii 1016 
I inisBivitv moiiot iiroiiuitu 279 
Enaimltd ^tu< for lorrosion rtsistancf* o92 
1 nwmcls (.omposiiion of ')94^ 
hiurmv con\<rsu»i tablis (>12 1417 
1 iiffiiuu 445 

Buffhsii iiUMMUir tabbs 1417 
Lquivalrnts ole rrr »< In mu il ()7(i 1419 
Erbium 1399 

I^trhmi? r» ugf nts >> 

Fui opium 1899 
I uU ( tie dt hiu <l 10 

]juO e (Old (It biu d To 

L Mins Kit pot ko ro tstim. liirnar* <14 <1 » 

1 \crbrit( UM tul >^7 »ss 

Lvtidur 5S4 50(1 

K\punsion ot n fim torn s <49 1 lO 

F xtoiiHion It ads tor (ht rmocouplts 2b < 

1- 

June 457 

Jatiitm of nu taU 5 
Fodoial-T s|M raiixa t lasslfat r 159 
Fetdtrs for ball mills 77 
J I mr filttr 222 
Feld grtu w ishcr 115 
Ftrnholr briqiutting prtss Kib 
Forrutte formation of xiiu 1109, 1191, 1144 
Ptrru thlorido tie topptr soKont, 1070 
Ferric sulphate, as topptr soKtnt, 1068 
Pb*6hni( trratnuiit, 1088 
PeT\ radiation pvronu tor 261 
F A, F p>ronuttr 274 

FerronlUn furnstos p lut r toiisumption 674 1490 
Jtrrtx hroinuitii moiiif u tim 1908 


Ferromolybdenuip, 4898 
Ferrotungntexi, 1888 
Ferrouraiuam, 1888 
Ferroua araenide, pro^eirtW of, 47 
phosphide, properties of, 46 
sihoide, properties of, 46 
sulphide, properties, 46, 47 
Fcrrovanadiuxu, 1888 
Film cleaners for gases, 407 
Filter bottoms, cyaMidation, 1089 
Filter presses, 206 

Atkins-Bfariver, 207 
Dehne, 20b 
leaching in, 1095 
Merrill, 206, 207 
Filters, American, 206, 219, 220 
Blaisdell, 214 
I Burt, 213 
Butters. 205 
cloth. 1087 
FE inc, 222 
Kelly 206, 21 1 
Moorf, 205, 208 
Ogle-Bidgoway 222 
Oliver 205, 214 
operating data, 222 
Portland, 218 
Bweetland^ 205 212 
Valles 214 
Zenith 205 222 
for zinc leaching 1119 
Filtration, 201 

of sine solution 1117 
I ink anodes 685 1077 
Jink truss analysis 482 
Iirebnck, properties of <96 <98 402 
sizcM of <94 

Jirmg behavior of clays 370 

Tixed points in the rmouietry 247 248 291 

Flapping copper 961 

Jlash roasting 312 

Jlmt clays J66 374 375 

J lot dilation 191 

Jlotation, conct ntration by 182 1878 
1 low sheets cyanide process 1040 1048, 1048, 
1044, 1046, 1046 
gold refining 999 
nickel, 1997, 1808, 1806 
rare earth pption 1894 
silver refining, 088 
zinc refimng, 1108 
1 luc gases sampling 1948 
JlutMlust treatment by nodulizing 340 
J ormatinD, heats of, 679 
Joundation loads, 488 
] oundry practice, aluminum. 784, 786 
I raint structures, 482 
Frarv metal, 808, 886 
Free settling, classifier, 138 

conditions for, 134, 163 
defined, 133 
ratios, 165, 167 
Freiberg process. 1084 
Fronier pump, 452 
I fiction separation by, 180 
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|ird«ew, 19f0 
fm Vwmw?, 174, 178 
Piai^ 23$ 

cibftlNioiat 23d 

90ftl, 228, 229 
«oice, 230 
«alk»idalt 344 

tor oo^iper reverberatory, 289 

8M« 230 

heat. 234 

pulverued, 241 

wood, 233 

Fulton nue-prooees, 1210 
Fume collection, 406 

electrical, 408, 41(i 
Stores' formula, 406 
See also * dust coHcx tina, ’ aas t If anln^ 
Furnace refining:, copper, 987 
lead, 902 

Forces for quicksilver, 1287, 1252 
slime treatment, 925 
sino-dlstillation, 1204 
See “ blast furnace,” rc\ e rbt rat or> • 
Fused electrolytes, 601 
Fused mlica refractories, 301, 390, 400 
Fusible alloys. 31, 542 
Fusibility, order of umtals m, 3 
Fusion points, metals, 1419 
salts, 64 

G 

Gadolinium, 1399 

Qaleua, free settlmu; vplooitu% lti4 

GaUium, 1400 

Oos, as fuel, 239 

specific heats of, 2 i7 
Gas cleanma, 406 

sulphur dioxido, 421 

See also * dust roUectiiiii funu (olUd 
ing” 

Gas-house liquor proof ss for h ad B5T 
Gates clasHifier, 140, 141 
Qee centrifugal filter, 227 
General Electric furnace, 644, (U > 

General Clcctnc heat-treating furnace, 654 
Generator winding, delta, 617 
Star, 616 

Center thickener, 104, 198 
German silver (Uagram, 36 
Germanium 1400 
Gibbs process, 1053 
Qibbs-Helmhols equation, 680 
Gilmore briquetting press, 428 
Gilmour- Young process, 1088 
Gitsham process, 1038 
Glass, properties of, 505, 506 
Gluoinum, see Beryllium 
Godfrey roasting furnace 315 124, i25 
preroastmg in, 323 
Gold, alloys of, 092 

alluvial concentration, 1008 
amalgamation, 1010, 1018 
chlorination prore«cs 1080 
-copper alloys 30 


Gold, cyMUdutlon* mi 
freesini point of, 247 
leaf, thickness of, 2 
melting point. 247 
oeourrence, 9^ 
production statistios, 1001 
recovery of, 1001 
refining, 988 
in sea water. 1004 
value per os., 1088 
Wohlmll process, 991 
Gordon gas-houae-liquor process, 887 
Grading, 128 
Grain growth, 0, 491 
(iranite, for building. 556 
Ciraphite, crucibles, 388 
electrodes, 635, 671, 672 
refractories, 387, 398, 400 
Grated ball nuHh, 77 
Gray slag Oe||d smelting), 888 
Gieenawalt copper protwss 1073 
Grinding, 57, 71 et seq 
closed circuit, 72 K8 
media 75 

open eirtuit, 72, HH 
Sec also crushing ' 

Grinding mills ball, 75, 77, 78 
Chilean, 74 
conioal 81 
feeders 77 
grated ball, 78 
Hardiiige, 81 
Huntington 74 
linings, 76 
pebble, 75 82 
rod. 75 79 
rolls 75 
atanii>s, 7 1 
tiibf 75 
(»rwly, 118 
Jiurrh IIH 

(»rog rf fruf tones, 377 
C.un metal 524 583 
Gvpsum as sulpuristr, 1294 
Gyratory crushir, 61 

H 

Hafnium, 1401 

Hagan heat-treating furnate 056 
Hall-Hfroult aluminum prucfMs, 706 , 708 , 710 
llamnicr-mill (rushfrs 67 
Hancock jig 160 
Hand sampling dangers of 96 
sorting, 162 
Hard head. 1180 
Hard lead. 14 

Hardening, by cold work, 8 
llardinge mills,'' 80 
Hardness, Bottom* s scale of 3 
defined, 490 
order of metals in, 3 
Hams process, 908 
Harts jig, 170 
H-bcams, 473, 514 
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Hfi99^ a04 

H^ith rousting, 306 
^ hand, 306 

raeohanioal, 309 
straight line, 310 

Hearths* bismuth ri^veiberatory, SHI 
copper reverberatory, 9S0» 9i8 
lead oupelling furnace, M7 
Heat, combining, 236 

‘ conductivity of metals, 3, 596, 664 v 

conversion of elecfricity into, 012 
of formation, 670 
Heat-treating furnaces* 652 
Hea^ treatment of Al 41o3rs, 45 
of alummom, 717 ^ 

Hegeler roasting fumade, 311'* 315, 1300, 1803 
sitto-distilling furnace, 1300, 1807 
Helherger furnace, 645 
HerouU aluminum process, 703 
Herrenschmidt procese for antimony, 884, 880, 
883 

for cobalt, 1330 

Herreshoif roasting furnace, 312, 314, 1386 
Heusler^ alloy, 4 
Hibernlum, 1401 

High temperatures, resistivities at, 661 
strength of materials at, 560 
Hindered settling, classifiers, 142 
defined, 133 
ratios. 165, 167 

Hr>epfner process, 1070, 1108, 1106 
Holniium, 1401 
Holt-Dern furnace, 1168 
process, 1184 

ftoopes aluminum cell, 710 
Hoskins heat-treating furnace, 056 
Howard dust collector, 412 
press, 916 
stirrer, 910 

Howell-White roaster, 317 

Humidity in air, tables, 455, 471 

Hunt & Douglas coifper process, 1070, 1188 

Huntington mills, 74 

Huntington-llerberlein roasting, 321, 322, 326 
prerousting for, 323 
Hybinette process, 1808 
Hydraulic eompressors, 402 
Hydrofiiiorie acid making, 1088 
Hydrofiuosihcio acid making, 1088 
Hydrogen sulphide as copper pptiit , 1078 
Hyposulphite leaching, 1184, 1178 
Hytor compressor, 470 

I 

l-^beams, strength, 473, 610 
Ignition temperatures of fuels, 235 
of sulphides, 339 
lllium, 501, 500, 1817 
1 mpact stresses, 488 
Improving lead, 90S 
Indium. 1401 
Induction, laws of, 613 
Inertia, moment of, 470 
Insulating refractories, 392 


Insulation for electrolytic cellaMM 
International Nickel Co's, pragtiise, 13f4» ISOg. 
1808 

Interstitial action in trommeH, 121 
Invar, 590 

Inverse-rate curve 280, 290,^ 

Ions, migration velocities of, 681 
Iridium recovery, 1418 

ruthenium separation, 1418 
Iron, cast, defined, 4iH 

as copper precipitant, 1081, 1074 
-chrome alloys, 677 
copper, effect on, 982 
malleable, defined, 402, 404 
pig, defined, 491, 492 
precipitating As and Sb. 1118 
reduction of Cu in solutions, 1070 
f -smelting plants, locating, 006 
wrought, defined, 492, 494 
in Zn deposition, 1188 

J 

Jackets, copper smelting, 848, 044 

Jacoinini briquetting press, 427 

Jurdine Mining Co., arsenic production, 818 

Jaw crusher, 61 

Jeweler's swee^ii refining, 987 

Jigging, 163 

free settling in, 138, 165 
hindered settling in, 133, 142, 165 
Jigs, fixed-sieve jigs, 169 
Hancock, 169 
Harts, 170 

inovablevsievc hand jigs, 167 
movable-sieve power jigs, 169 
Jones sampler, 92 
Joule’s law, 612 

Junction box for thermocouples, 267 
K 

Kaolin refractories, 366. 300, 400 

Kcller-Gaylord-Coale roasting furnace, 310, 315 

Kelly filter, 205, 211 

Kettle, desilverizing, 914 

Kick’s law, 58 

Kirchoff’s law, 610 

Kiss process, 1003 

Kitchens, arsenic, 819 

Kroehnke process, 1084, 1103 

Krupp electric furnace, 646 

Kryptol, 646 

L 

l.anng bars, 514 
Ladle samples, 109 
Lake Superior trough classifier, 138 
Lanthanum, 1403 
Laugbhn centrifugal filter, 226 
Laying refractories, 378, 393, 394 
Leaching, A jo, 1078 
batch. 1130 

Calumet dc Hecla, 1087 
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OOtltmuoiM, ttio 
firuAbing for, IW 
cyanide, ilM, lOgT 
double (for Zn), 
eleetro*«liiBe, W 
gold oree, tOtl*' 
heap. IM 
in filter prew, lOfifi 
in place, iPfiO 
lead oree, ififi 
aingle (for Zn) IIU 
aolvents for copper, lOfiC, lOTO 
washing lOTl 
nno ores ilii 
Lead, acid leaching, 866 

alloys of, 34, 623>530, 866 

oantimony alloys, 34 

*ar8eaate manufacture, 814 

assays of bullion, 1086 

aaaaya of Ifiiectrolytic, 1096 

assays of slime, 1098 

bismuth recovery from, 848 

blast furnace practice, 8T0, 879, 888, 886 

brine leaching, 864, 1170 

byproducts, 661 f 

Carinthian process, 891 

chemical propertit^, 867, 860 

chlonde-volatdisation process, 866 

compounds of, 668 

Coolbaugh process, 867 

•copper alloys, 42 

copper conductivity < ffc ct on, 981 

copper, effect of Ph on, 989 

cupellation 994, 996 

desilverization of, 909 

freezing point of, 248 

Gordon process for, 867 

Hams prooc>ss, 008 

history of, 868 

improving, 90S 

leaching, 884, 868, 1170 

Lucp-Rozan process, 891 

melting point, 248 

moulding, 909 

ore-hearth, 898 

ores, 8Cl 

Farkes process, 911, 919 
Pattinson process, 919 
pipe, 630 

properties, 629, 585 884 
punch. 111 
reduction of, 863 
refining. 002 

reverberatory smelting, 817 
roast-reaction process, 861 
samphng, 100, 111 
Silesian smelting, 888 
slime treatment, 1098 
smelting, 888, 867 
softening, 808 

sulphur, effect in smelting, 889 
Thum process, W4 
-tin allosHB, 528 


L6ad« Tredemdok 9roe«a#»t86 
uses 0^,986 

line orutt trtta4m«at» 816* 6ii 
■me, effect in lead 666 

-sine smelting, 1147« 1914 
Lectromelt furnace, 647 
Leggo roaating furnace, 310 
Lime, in oyanidation, lOlO 
refractories, 391 
roasting, 320, 321, 326 
Lime-bond refractories, 379 
Linings for ball miUs. 76 
Lipowits^s metal, 642 
Liquation fur antimony, 880 
bismuth, 847 
tin, 1887 

Loads, moving, 478 
Log washer, 162 

Longmoid-Henderson process 1070, 1164 
Loss of acid, lead refimng, 1088 
Losses, metal, ooppi r refining, 978 

quicksilver smelting, 1848, 1948 
sine refining, 1144 
sine smelting, 1197 
Low-ic mperaturc distillation, 233 
I uce-Rosan process, 991 
Lutecium 1408 

M 

Mac Arthur-] orrest cyanide process, 1014, 1091 
MacDougail roasting furnact 312, 316 
Macquisten tubes 183 
Magncsitf refractories, 384, 306, 4CK) 
Magnc<nuni, 769 
alloys, 770 778 
-aluminum silicates, 50 53 
bibliography, 778 
-calrium uluminatfs, 52, 53 
-calf lum Hilicatf B 61 53 
lasting 774 

chemical prop* rtics of 716, 770 
I hlondf , prf paral ion 764 
< hlondc reduction, 768 
roniirurcial forms, 768 
lorroBioi) of, 769 
doubk nitrates 1896 
t If ctroly tic reduction 764 
historical surviy 769 
imports into U S , 761 
inarkr (s 761 

riif chanicai propirtlfs of, 769, 770 

mechanical troatinoiii of 776 

uniting 774 

metallography, 77B 

inincraiB, 768 

output of, 760» 761 

oxid< reduction, 766 

perforated orudble for, 771 

physical properties, tiff 770 

producers, 760 

reduction of, 768 

silicates, 301 

t^llunde, 1607 

Magnetism of various metals, 4 
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alloy lor, 1^1 

Utik9»M«* alloys, nm, tm 
bronsr, $2B, 579. 5S2 
compounds of, It9t, tlTi 
ronocnfcratioti of Mn ores. IMS 
hydrometallurgy^ ItM 
intcrfercB with Af extraction. ItTt 
mptaUic, 19U 
minerala, IMC 
reduction of, IIM 
steel, 503 

in Zn eleetrolysia, 1134 
Manganese dioxide, aa depolorieer, 1370 
production of. 1371 
properties of, Jp70 

Manganese-silver ore treatment, 1103 
Magnetic particles in bullion. 101. lOJ 
separation, 177 

Malleability, order of metals in, Jt 
Malleable iron, properties of. 567, 56S 
Malm process, 1183 
Martens, formula for plasticity, 3 
formula for touglmess, 2 
Masticator for briquetting, 433 
Materials of construction, 473 
Matte, (oli^U, 1383 

copper, 938, 881^ 884 
lead. 888 
nickel. 1384, 1308 
Mauss centrifugal filter. 227 
M cKesson- Rice screenlesB siser, 125 126 
Mears process, 1081 
Melting magnesium, 774 
Melting points, elements, 1418 
salts, 54 

Members, structural, strength of, 473, »10 'jU 
Mercury, sec * quicksilver” 

Merrill dassifiers, 180 
roms, 141, 180, 194 
filter press, 206, 207 
Merton roasting furnace, 310 
Mcsothorium, 1884f 1409 
Metal, definition of, 1 
leaf, thickness of, 2 
losses, copper refining, 978 
electric furnace work, iYI’i 
scrap briquetting, 424, 428 
Metallography, of aluminum, 777 
definition of, 6 
preparing specimens. 55 
Metals, absorption of gases by, 4 
annealing, effect of, 7 
cold work, effect of, 7 
electrical conductivity of, i 
fatigue of, 5 

hardening by cold work, H 
hardness of, 3 
heat conductivity of, 3 
magnetic properties of, 4 
methods of extraction, 1 
structure of. 6 

Metric equivalents table, 1417 
Microscope, preparing specimens for, 55 
refractory examination by, 345 
Migration velocities of ions, 861 


Miller chlorlhatiou lir<ic4isi» M 
Minerals separation tpiUthinst, 

Minium, $88 
Misch metal, 1888 
Moebius process, 987 , 

Moffet ore hearth, WH ^ 

Moisture in bullion, 113, 878 
Moisture for sintenng, 335 
samples, 89, 90 

Molding sands for aluminum, 738 
Molybdenum, assay for, 1888 
concentration, 1887 
extraction of, 1887 
ferro, 1888 
metallic, 1888 
ores, 1888 
properties of, 1408 
steel, 508 
uses, 1338 

Monasite sand treatment, 1408 
Mood Nickel Co. ’a process, 1808, 1804 
Monel metal, 534, 585, 586, 587. 596. 1818 
modified, 535, 536, 587 
Moort filter, 205, 208 

Lectroinelt furnace, 647 
Mortar, standard, 545 
Motor effect of electric cudnent, 619 
Muffle-roasting, 311, 1300 
Mullitc refractories, 383 
Multideck classifier, 156 
Multiple rcOning, 683, 808 
Munktcll process, 1051 
Munts metal, 27, 523 
Murray washer, 413 

N 

N iphthulene boiling point 201 
Naval brass, 27, 506 
Ncbuliuni, 1403 
Neodymium, 1408 
Niothuhum, 1898 
Neoyttorbium, 1408 

Cornelia copper practice 1077 «f at^q. 
NcMuani ore-hearth, 807, 899 
N cutouts metal, 542 
Nuhroine, 577, 689, 696, 1868 
NickH alloys. 1813 

arsenide properties of, 47 
-chromium alloys, 677, 589, 59b 
converting, 1899 
-copper alloys, 634, 536 
copper conductivity, effect on, 981 
copper, effect on, 981 
-copper-zmo allojrs, 38 
corrosion resistance, 586 
deposits, 1388 
electroplating, 700, ISIS 
in zinc deposition, 1188 
malleable, 533, 534. 1810 
matte refining, 1804 
monel metal, 534, 1818 
ores, 1888. 1894 
phosphide, properties, 46 
properties, 533, 506, 1808. 1819 
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IfhdA MMwny 

oree <»£ , UHT 

i>«|Itol4t praMiee, ISM 
o^rAtion from cobfUt UM 
mieldttif properties of, 46 
snioltiikK, tm, liH 

602. 60a. 660. 572, t«16 
Bulpbfdee, propert^^ of. 46 
nets of. tm • 


-feitto olloys, lili 
KiotNum. eee '^ecdumbium" 
Nip* omde of, 60 


Nitric odd for copper leaching. lOTl 
NoduUsing, 317 


0 

Oglo-Rldgeway, filter, 222 
0*Hara roasting furnace 309, 31 *1 
Ohm'c law, 606 

Otloburner for Dwight-LIoyd ignition, Jll 
(Ms for dotation, 185 
Oliver filter, 206, 214 
sand table, 160 
Optical pyrometers, 271 

black-body conditions 276 
calibration, 203 
disappearing filamtnt, 272 
Ord roasting furnace, 1208 
Ore hearth, load smelting in 89S 
Ore sampling, 03 

sise-weight ratio 97 
Osmium poisoning, 1416 
Osmium recovery, 1414 
Osmotic pressure 68] 

Overfiring of refractories 361 
Overpoling, effect of, 976 
Overstrom table 176 
Overvoltage, 682 
Ovoca classifier, 160 
Oxide smelting, copper 966 
Oxide, sine, making, 1216 
Oxide-voLatilisation processes 1160 
Oxidising roasting 266 1066 
for Cu-leaching 1066 
Oxygen, boiling point of 247 
effect on copper, 982 
in cyaniding, 1084 
solubility of, 1096 


P 

Pachuca tank. 1110, 1111 
Palladium recovery, Wohlwill protess, 994 
Pan amalgamation, 1160, 1144 
Parallel electrical connection 60^» 

Parkes process, bismuth, 061 
lead. 911 , 919 
Paxting, 969 

electrolytic, 967 
gui« ur^ ftus9, 1001 
nitric acid, 1000 
pfannen»rhint«d 1001 
sulphuric-Rcid, 984^ 




Paasivity, 682 

Patera process, IPM, U77 

Patio prooess. 1061 , llf|» l|i| 

Pattinaon pmeew for btsmtrili. Ml 
lead. 919 

Pearce roasting furnace, 309. 615 
Peat, 234 

Pebble nulls, 76, 82 

Peiroe-Snuth converters. 964, 1299, 1892 
Peltier e m f , 266 

Permanent-molds lor aluminum. 719 
Phosphides, properties of, 40 
Phosphor bronse, 41, 525. 526, 583 
Phospborus-oopper-tin-diagram, 41 
<ffect on copper, 981 
Pig-iron sampling, J12, 113 
Pigments, antimony, 916 
Piles, specifications for, 564 
Pinch effect, 619 
Pi|x and piping, 446 
brass, 520, 522 
( ast iron, 464 
copper, 620 
h ad. 630 
S4 wer 566 
steel, 500, 501 
tin, 528 

Plant lay out, 569 
Plastic-tlay refractories, J77 
Plasticity of clay, 306 
of metals 486 

Plati area gold metallurgy 1014 
Plates bending stresses 481 
Plating 686 

Platinum concentrate tnatnunt, 1416 
1( af thickness of, 2 
rrcovfry Wohlwill process, iff 
rhodium alloy thcrinucouples 270 
Plattner process, 1114. 1182 
Phaa process for antimony 627 
Pohli -Croasdolf process, 1167, 1176 
Polarisation 683 • 

Poling (fopper) 961 
(tin) 1886.1966 
Poloiduin 1966 
Pcivphasp current, 617 
Porosity of nfrnctories, 351 
P( rtland c( ment 542 
hltcr 218 

Pot furnaci for antiiilouy refining, 840 
P( r 'iquatiuD for antimonv 690 
Potassium, 762 
illo>s of, 788 
ffiiipoundsof 782 
nw tallurgy of 782 
oocurrencf of 781 
properties of, 781 

Potrntiometer method with thermocouples, 260 
Fot-roasting, 321 iiO 

Powdtred coal burner for Dwight-l loyd ignition, 
3J2 

Poise r consumption, copper refining 966 
(lectrolysui 663 
plant, 663 

Praseodymium, 1408 
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cyanJida, rffining, IQtS 
Precipitating at Ajo, tm 

eopper by elerti^olyaiSf I07t, tOtl 
copper on acrap iron. 1O01« 1074 
copper arltb HsS, |070 
copper with sulphur dioxide, 1009, 1070, 1070 
Preroasting in Godfrey furnaces, 424 
Prcsent^value tables 000 
Pressure electrolytic solution, 081 
osmotic, 681 
solution pressure, 681 
Prime movers, 445 
choice of, 446 
Pulp tables 1000-1000 
Pulsator classifier, 145 
Pulsometer, 448 
Pulverised coal fuel, 242 
Pumps, 447 

centrifugal 447 
Dorreo, 197 
operating 45 i 
pistonless^ 448 
reciprocating, 447 
turbine 448 
volute 448 

Purification of copper electrolyte 974 
of sine electrolyte 1100, Ills, 1116 
Pyrex glass 596 596 
Pyritic copper smelting 940, 947 
Pyrometer calibration 291 

lor testing refractories 347 
Pyrometry 246 
e^ptioal 271 
radiation 271 280 
recording 286 
resistance 285 
thermoelectric 265 
See also thermame ters 
Pvrovolter 261 

Q 

Quarts free settling velooi lie s 164 
inversion of 379 

Quicksilver e one e ritration of ore 1200 
conde. use rs loss, ISSB 
furnates for 1227, 1202 
loss 111 Au me tallurgy 1014, 1018 
loss in Hg motallurg} 1242, 1249 
re torts for 1226 
rriasting ore 1205 
i»et extraction 1206 

11 

Aadiation pyronu try 271 
advantages 2Si 
ealibratiou of 201 
errors m 2h3 
Jladiolead ISOO 

It admin crystallisation 1S04, 1305 
eU i trosenpe ISOS 
estimation of 1S07 
ores of 1S40 
reeover\ of 1B40 


Kadmm P, iSOO 

Radium P, 1000 ^ 

Radius of gyration, sections 476, 514 
Ramenia roasting systenu 1174 
Rankin process (copper), *1071 
Rare earths, see separate names m index 
Rare metals, 1098 

basie-nitrate separation, 1090 
bromate separation, 1004 
double-nitraSs separation, ISM 
double-eulphate separation, lOM 
f used-nitrate method, ISOO 
separation methods 1800 
Rathenau cell, 797 
Reactance coils 622 
Reagents for etching, 55 

for water absorption, 471 
iy>ducing roasting 297 
Reduction crusher, 64 
Reels centrifugal, 122 
Reese River process 1004 
Refining blister copper MO 
cyanide precipitate, 1008 
gold. 90S 
lead 90S 
multiple t>82 
series 082 
silver OSS 
spelter ISIS. 1280 
tin 1880. 1800 
sine 1215, 1220 
Refractories 342 

aluminous 39 345 381, 402 
aluminum nitride, 391 
asbestos 391 
boron nitride 391 
carbon 387 398 400 
cenn 190 

( he mie al composition i43 
ehromite 391 198 402 

fla> 366 398 402 
clay bonded 180 198 402 
eompresaivt strength 354 
crucibh mixtures 188 
diaspori 381 382 

dicle t trie str( ngtli 36 3 
dolomite 386 
clurox 383 

cle ctrical strengt h 36 3 
fire shrinkage 378 
flint cla\b 366 371 375 
gnphite 387 388 3<18 400 
grog 377 

kaolin 366 396 400 
laying 37S 393 394 
liuu 391 
lime bonded 379 
magnesite 384 396 400 
mullitc 3S3 

permanent volume changes 349 

plastic clay 377 

porosity 353 

rcaistivitv 374 37t» 

silica 379 396 398 40<» 402 

silueous clay 376 



mmx 


. ^^teulat i^ihi^twre$, m. m 
^ «rftvl«y, m 

4S4a«l B86, 400 

oft 302 

Boftenuig points, m 
llionpal propertieii, 356 
volume chAocea, 351 
^OfiOomat 300, 398, 402 

air drying, 47 It 

lUifpldatorB for electric furnacce 624 
l^uloroed concretCt 540 
Bmmerfelt fumace» 649 
Ba9lpi1<4ikro furaaoe, 648 
llUiltftanQe, cell, 687 
^6en, tine, 1111 
idreiiit. 971 
cippper tanke, 969 
vleotHe, laws of, 610 
electrolyte, lead, 1087 
mac. 1188, 1186, 1187 
^ lumaocs, 644 
tnAg>iesite<-tar electrodes 609 
tbermometry, 285 
Hmlstfnty, tables, 661 663 
tliermal, 867. 564 37() 

HeaistoFS, 634 
gaseous, 030 

mVtallic 638, 655 662 663 
mmimetallic, 6S8 662 
slag, 639 

Hetainmg wall formulas 48s 
Retorting amalgam 1016 
Retorts for quicksilver 1886 
aim. manufacture 1811 

Reverberatory for antimony liquation 812, 889, 

884, BS9 

bismuth 888 
copper, 941, 948, 989 
fuel for^ 960, 960 
lead 987. 891 
mckel, 1899 
tin, 1888 

Revolver briquetting press 4 i > 
ttfiastal, 507, 608, 571 574 59( 

Rbenisli aino furnace, 1804 
Richards, Innderod settling classifw t 1 H 
pulaator classifier 145 
shallow pocket classifier 1 M 1 
HichardsoJanmy classifier 145 141 
Rilfie, assayers* 02 
Hungarian 1008 

Hio Tinto leaching prachec 1063 
Rittmger classification formula I i 
law 58 

spttskostcn, 137, 1 18 
spitslutte, 142 
Riveting formulas. 511 512 
Roasting. 295 

adobe furnace for 507 
blast 317 521 
blende, 1100, 1198 
(hemi)!^] requirements 300 
ohloHdicmg 298, 1168 
copper ores 940. 1068 


Roasting, cyltodgr, 317 
Dwigbt4:4oyd, 888, 89l 
deotro^tafis, 980 
flash, 312 
heap, 304 
hearth, 806 
lime, 321, 326 
methods of, 303 
mufite, 311 
nickel ores, 1897 
oxidising, 296 
pot, 326 
practice, 299 

-reaction method (?b), 891 

-reaction method (Sb) 889 

reducing, 297 

rotary kiln, 517 

siae of material for 295 

sulphating 298. 301 316, $67, 888, 1109 

tin ores, 1378, 1878 

sine ores, 1100, 1101, 1188 

Sec also nodulising * sintering ' 

RcKi brass 522 
mill, 75. 78 
Rolls 69,75 

Ronay-Gilmore briquetting press 426 
Roof pitches for, 516 
trusses 481 
weight of, 485 
Reozebooni diagram 495 
Ropp roasting furnace 310, 315 
IlcMsrnhaln a dcrucd-difTcrcntial curve , 289 
Rose H metal, 542 
Rossic hearth 898 

Kotiirv furnace for quiiksilvir, 1858 
Rotary kiln for roasting, 317 
Rotation of bunk in trommel 120 
Roth well thickener, 194, 198 
Rubber vulraiiiring with antimony 818 
Kubiduini 793, 1403 
compounds 794, 798 
offurnnic, 798 
properties 794 
rccluclion of 798, 1408 
Russell process 1068,1176 
Rustless Htf cl thermal properties 596 
Ruth fuuiii 1416, 1416 
Ruthdge press 159 


lilting samples 99 116 
''airs deliquescent 471 
fusion points, 54 
Sampler K*idgmau, 94 
Hrunton 93 
Tone's, 92 
Syndtr 94 
\ t sin 94 " 
Sampling, 89 et aeg 
anodes 108 
bullion 100-114,979 
coal 95 

cutting down 91 
dort' 103 1H> 



NbN-fBsmm MiTAUVBonr 


Sftfni»iin8« gfUMB, 116, $$4M 
lead, 100, 111 
liquidfl, 115 
aiatfnetjc particles^ 101 
tnetalJio materia^ 100 
ore 93 

piR iron, 112, 113 
aaltinic, 90, 116 
nohda. 89 

Hand in cyanidation, |0|1 
loaehmg, tlMIO 
Sandstone for building, 557 
Sairelsberg process, 

Say ladle, Ml 
Scandium, liOS 

Sohmiodel aulphurioaCid process, ISOS 
Scotch ore hearth SM 
Scott connections, 630 
furnace 1180, 1111 
HoreeninR, 118 

air separation, 124 
centrifugal reels, 122 
dry, 125 
liriulies, 118 
screens, 123 
trommels, 119 
wet, 121 

See also suing" 

Screens, 124 

testing of, 128 
Sea water gold in, 1004 
iSeason, cracking, 27, 520 
tests for 521 
Hedimontation, 192 
Seebeok effect, 256 
Seger cones, 349 

softening temperature diagram 373 
volumtnoraeter 352 
Segregation in bullion, 100 103, 104 
Selenium, 1404 

effect on copptr, 081 
Separation by frictfon, 181 
Senes copper refining 68 i, 088 
electrical connect iono 609 
Settlers, copper smelting 048 
Si tthng chambers for fim dust 406 
Settling, free, 134, 164 

hindered, 133, 166, 167 
stages in, 192 

Seward A Harvey's magnesium proecss, 768 
<1 ward A von Kugelgen s sodium proc ess 788, 787 
Shatter-test for coke, 231 
Sheet aluminum, 538 
brass, 525 
nickel, 534, 535 
steel, weights of, 516 
Shortness, cold and hot, dc hned, 2 
Shot samples, 112 
Shrinkage water in Clay, 360 
Shrivor fiUtcr press, 205 
Siemens A Halske copper process t088 
Silesian reverberatory for lead 888 
Silesian sine furnace, 1804 
Silica, fused, 596 

Sllita refraotones 379, m m 4tM) 402 


magnesium^iiddiuiui 50^^ 

Sfifeeoua-clay 371, 370 

BiUcide Iptmaeoi, 659 

suicides, piroperties ol, 40 

Silicon oafbide refraotorks, 3S9i OM, 490» 4 O 3 

Silicon, effect on eppper, 089 

Silicon steels, 609, 575, 570 

Silliinaniie, refractories, 345, 333 

Silumin, 781 « 

Silver, alloys, 888 

tialbach process, 888 
bnne leaching, 1184 
copper conductivity, effect on, 881 
copper, effect on, 888 
freestng point of, 247 
Cierman, constitution of, 38 
leaf, thickness of, 2 
melting point, 247 
IVIotbiuB process, 887 
precipitation of, 888 
production statistics, 1898 
recovery of, 1001 
refimng, 888 
value of, per os , 1088 
Sim curve, alternating current, 613 
Sintering, 295 
double, 339 

Dwight-Lloyd process, 327 

practice, 336 

See also roasting* 

Sites, for metallurgical plants, 001 

Sise-w eight ratio, 95 

Suing, cyclone separator for, 125 

McKesson-Rice sereenleas, 125, 126 
Skin effect, 627 

Skinner roasting furnaoe, 314, 316 
Slabs, reinforced concrete, 552, 555 
Slag resistors, 6i9 
Slagging of refractories, 361 
Slags, cobalt smelting, 1888 
copper blast furnaoe, 080 
general types, 48-53 
overfiows, 848 

Slater leaching process, 1188 
blinie concentration, 176 

in cyanidation lOllf 1088 
settling, stages in, 192 
treatment, copper, 878, 877 
treatment, lead 1008 
Slimes, electrolytic treatment of, 980 
fluxing 884 
furnace refimng, 888 
furnaces, 988 
k aching, 988 
metal loss in treating, M8 
roasting, 880 
tin slime 988 
Slip bands, defined, 7 
Slip-interferenoe theory, 0 
Sly dust arrester, 413 
Snit king, top and bottom, 1887 

See also under separate metals, also " blsai- 
furnace," ‘reverberatory furnace" 
Snyder sampler, 94 
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Qnydeat-Chmi^m^ proeen, im 
lM«rberg furnace 651 

fMium, 783 • 

atloylB of» 791 

oarbon«te fusion, tin ur<>, l$77 
cells for reduction of, 692, 784--7ST 
compounds of, 761 
as cyanide precipitant, 1016 
electrolysis, 786 
metallurgy of, 764-786 ^ 
occurrence, 784 
properties of, 788, 790 
sulphate, transition point . 24 K 
sulphide, as cyanide pptnt , 1088 
sulphide, as Hg extraction, 1866 
uses, 701 

Softening lead, 903 
Solders, 528 

Solubility curves in alloys, 10 
Solution, cyanide, treat mint of, 1080 
Solution pressure, 681 
Sorting, hand. 162 
Specific gravity of rtfractorics, 314 
Specific heat of gas. 2J7 
refract ontH, 357 
SpeiBS. properties of, 47 

treatment of cobalt, 1888 
Sperry’s filter press, 205 
filtration formula, 202 
Spinel rtfraetoneo, 386, 390, 400 
Spirlet furnace, 1800, 1801 
Spitakasten, 137, 118 
Spitslutte, 142 
Split shovel, assaycr’H, 91 
Stainless steel, thermal prop* rties, >06 
Stall roosting, 304 
Stamp mills, 73 
Stamps, gold metallurg>, 1011 
Star ronncction for furnaces, 632 
generator winding, 616 
Starring mixtures for, 888 
Starting sheet, copper, 605 
lead, 1089 
loops, 1088 
21 lie, 1184, 1188 
Steam-jet blowers, 462 
Steel, alIo>, 502, 569, 570 
carbon diagram, 495 
castings, 500, 501 
chrome, 505, 577 
ehrome-niekel, 506 
definition of, 492 
forgings, 499 
machine, 498 
manganese, 503 
molybdenum, 508 
mcktl, 502, 50 i, 569 »72 1816 
pipe, 500, 501 

properties, 496, 510, 517, 5<»8 

sheets, 516 

silicon, 500 

stainless, 598 

structural, 501 

treatment, 496 

tungsten, 509 
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Steel, vanadium, 508 
Stcfan-BolUunann lau, 272 
Stem-oorrftotion for thernioirmtKfUu, 2$} 
Stctefeldt furnaoCt 1188 
Stibnite, metallurgical treatment, 888 
Stocking duat^ooUector, 411 
Stokes, olaasification formula, 135 
law (or falling bodies, KM, 400 
Stone, building, 556 
Storage of coal, rules for, 244 
Strakes, 171 

Strength of structural incniberN, 473, 510 
Stress, beams. 477, 479 
plates, 481 
rtpeated, 490 
tanks, 481 
Strontium, SOI 
alloy^i, 801 
compounds 801 
metallurgy, 801 
Mruciural shapes, 510 
striKturr of nutalM 6 
Miblinifd whiti Itnd, 886 
Sibmerged lathodt nil 767 
SiilphatfH, dissouutum of in roasting, <01 t40 

^ulphatising roa*it, 297, 100 

Coolbaugh pron Hs 297 IHt, 867, 1106 
for sliinc H 688 
speiNH, 1884 

suiphidfs, Ignition ti lupi r nun ** of, til 
proptrtKB of 46 
smelting copp(r, 638 
Sulphur, afhiiitKK tor 884 

boiling point of 247 291 
1 ffoct on (opp r 681, 988 
I liiriuiation m Itad nmi lling, 866 
Sulphur dioxide , is (oppi r pm ipituiil 1066 
dt ttrmmalioti of, in ganfs 422 
in Mnt) prodmtion, 1874 
nuisaiut point, 421 
n during agint, 1060 
n inoval of, 421 j 

'*'ulphun(-a»id parting, 984 
S( hmu d( I proc t h», 1308 
tr( at ment, h ad-stiinc , 1068 
Sulphunring with gypsum, 1894 
surfmt combustion 211 
''uolifft briqut t ting press, 410 
Sutton Stub (k Him 1e tiibii , 179 
''\Mctland filt< r, 205, 212 
Swinburne -Ashcroft procf‘*^M, 1166 
'^^Mng-])alnlnc^ trust rs, 69 
s\ moiih crusher, tl5 

1 


1 tbl. Curd, 175 
Dcistcr, 175 
fffd, 174 
Overstroni/ 175 
slime, 176 

Sutton, Htecle A Stcile, 179 
5\ilfle>, 172 

I iintcm process of brine 1< ac hing, 864, 1171 
I ank arrangements, 681, t>St 

construction (topper ref ), 966, 666 
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Tartk, copper refining, WT, tTO 
oyaniding, 1014 
house, Ajo, toot 
lead refining, 1090 
materiale, 689 
Pachuca 1110.1111 
atresscs in, 481, 488 
xinc electrolyais, 1194« 11S9» 1191 
Tantalum, 1409 

Tate- Jones heat-treating furnace, 657, 658 
Tellundes, properties of, 48, 1409 
Tellurium, 1400, 1409 
effect on copper, 991 
Tolsinitfa crusher, 64 
Temperature control, automatic, 290 
lor rinc-ore roasting, 1104 
Kelvin’s definition of, 246 
methods of meaaurcmcnt, 240 
of combustion, 237 
of ignition, 235 

Tenacity, order of nicialH m, i 
Terbium, 1407 
Thallium, 1407 

Thermal diagram, aiitiiuony-h ad-tin, 34 
antimony-tin, 31 
brass, 27 
bronse, 28 

oopper-nickol-sini , 38 
oopper-tin-Bine i7 
general, 11 

silicate**, 49, 50, 52, 

Thermal expansion, in high-touip design, 567 
tables of, 59() 

Thermal properties of ff fractorus, 356 
of stru( tural mat Is ’itM» 

’1 hcrmoeouplc, 255 

calibration, 2^n, 202 
cold-junction oompt nsation, 260 
cold-junction temperuturt 262 
constancy of calibration 257 
extension leads 261 
indicating, 258 , 
installation of, 2(>4 
junction box for, 267 
metals used in, 256 
mounting of, 258 
protecting tubes for, 260 
Pvod, 258 
rcprodutibilitv. 257 
Thcrmonictf ra calibration, 2^)1 
classification of, 2 IS 
trrors of, 251, 253 
gas-fillcd, 254 
indicating, 25 1 
mercurial, 240 
partial-immcrnum, 252 
pressure, 254 
recording, 251 
resistance, 28 5 
ateam-corroction, 251 
Thickenera, 191 
boul, 194 
Dorr, 104 
Center, 191 
Hothwcll, 194 


Thtokening, 18B, 191 
Thompson’s rule, 680 
Thomson 256 

Thorium. 1407 
Three-phaee current, 666 
Thulium, 1410 

Thwing radiation pyrometer, 284 
Timber, for building, 560 
Timber, tensile strength of, 563 
Timken briquetting nress, 428 
Tin alloys, 1898 

analyses of, 528, 1979 
-antimony-copper diagram, 35 
-antimony-load thermal diagram, 24 
-base babbitts, 35 
chemical properties of, 1997 
consumption of, 1979 
copper alloys, 28 

copper conductivity, effect on, 991 
-copper-phosphorus diagram, 41 
-copper-Binc alloys, 37 
cry of, 1967 

electrolytic refimng, 1898 
flotation, 1878 
frcesing point of, 248 
grades of, 1S78 
gray modification, 1967 
liquating furnace, 1897 
molting point. 248 
mining, 1878 
ores, 1868 

physical properties, 1967 
pig analyses, 528, 1878 
price statistics, 1874 
production statistics, 1871 
properties of, 527 
refining, 1886 

reverberatory furnace for, 1888 
roasting ores, 1879, 1879 
separation from tungsten, 1999 
slime, « lectrolytic, 987 
as structural material. 528 
Titanium, 1410 

-aluminum bronze , 596 
Tobin bronze, 27, 521, 579 
Tombac. 27 

Top and bottom smelting, 1897 
Torsion, 470 
Tossing tin, 1896, 1898 
Toughness, defined 490 
order of metals m, 2 
Transformation point recorders, 289 
Transformers, 020 
Tredeniiiok process, 986 
Trent amalgam, 242, 241 
Trommel, 119 

bank rotation in, 120 
act screemng, 121 
Truss formulas, 483 
Tube nulls, 75 

data for conical, 82 
Tungsten assay for, 1888 
cone entration of. 1890 
extraction, 1899 
ferro 1898 





tmaiMit, mtfllfi, WO 
WM,tikT t 

rttililujvnl hoi^ tin ore» ItTf 

sM«, W 

UMB, lUI 

vires from* 2 

U 

UtiitB, electrical, 676, 1418 * 

Uranjum, assay lor, 1386 
oottoentratioD of, 1388 
extraction of, 1384 
ferro, 1388 
' metallic, 1388 
ores, 1384 

recovery in radium ex., 1388 
uses, 1886 
Ijsher process, 1033 

V 

Valles filter, 214 
Valves, clapper, 461, 462 
Vanadium, analytical methods, 1388 
brine leacbinn, 1164 
chloridising roasr for, 1164 
exfraotion of, 1819, 1868 
ferro, 1388 
metallic, 1381 
ores, 1818 
steel, 508 
uses, 1388 

Vanner, Frue, 175, 176 

Vermaes process, 1170 

Vesin sampler, 94 

Viotorium, 1411 

Volatilisation processeb, 1173 

Volume studies on refractories, 349, 351, 367, 369 

Voluminometer, Segrr, 362 

Walker casting a heel, 968 
tank system, 967 
Washers, flue gas, 407, 41.j, 416 
log, 162 

preliminary, ore, 162 
Washing after leaching, 1071 
Washoe process, 1068, 1160 
Waste heal boilers, 446 
Water jackets, copper smelting, 948, 944 
Wedekind reaction, 799 
Wedge furnace, 313, 314, 1106, 1163 
W’eeks electric furnace, 650, 661 
W>ldon process, 1373 

W'estinghousc heat-treating furnace, 657, 658 

Westlmg process, 1374 

Wet screening, with trommels, 121 

Wetherill grates, use in lead metallurgy, 903 

Wetherill sine process, 1317 

Wethey roasting furnace, 310, 315 

White arsenic, 810 

White lead, 888 

sublimed, 889 

W’'bite metal (copper coiivertiOg), 983 


White metals, 831. 833 
Wien’s formula. 248 
law, 278 

Wile furnace, 681, 652 
Wilfley tables, 172 
Wind loads, 484 
Wire, copper, properties of, 810 
nuiking fine, 2 
Wire-bar sampling, 113 
Wohlwill process, 991 
Wood for construction, 860 
fuel, 233 

preservation, 660 
tensile strength of, .563 
Wot>d’s metal, 542 
W'rought iron, defined, 492 
plates, 495 
properties, 404, 60H 

y 

Y-alloy, 733 

Young’s modulus defined, 3 
Ytlnurn, 1411 

group reactions, 1398 

Z 

Zellaeger roasting furnace, 311 
Zenith filter, 205, 222 
Ziervoge) prneess, 1088, 1113 
Zi miner ms n-Day process, 719 
Zim, acid leach, 1114 
aluminum alloys, 44 
Anaconda practice, 1099 
as cyanide preiupitunt, 1039, 1080 
brine leaching, 1147 
burning, 1816 
costing, 1189 
circulation system, 1137 
classification, 1881 
-copper alloys, 26, .16, 3/ 
copper conductivity, effect on, 981 
cost, electro plant, 1143 
current density, eler. rr f. 1136 
distilhng furnaces, 1804 
dust manufacture, 1140 
dust use. 1080 
efficiency, ampere, 1180 
rleetrolysiK of. 1100, 1188, 1184, 1189 
electrolyte resistanci . 1183 
elect romctallurgy, 1319 
ferrate formation, llOS, 1181, 1144 
filtration, 1117 
freezing point of, 247 
impuriticN, effect on, 1133 
leaching, 1113, 1114, 1180 
in lead smelting, 888, 1814 
losses, electro Zn, 1144 
melting, 1189 
melting point of, 247 
-nickel alloys, 1318 
oxide 1198, 1198, 1318 I 
pow er for electrolysis of, 
properties of, 527 
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Zuus^ purifi<!atimi of olo«trolyte, llOO* Hit, itii 
ro(u»ting« 1100, 110# 
smoltiDK, gtmral disoumion, IlOf, HOT 
starting sheets for, 1114, 1118 
stripping 1118 
tank room ifvork 1186 
tanks (Zn rifimng), 1114 , 1116, 1181 


Zme crust treatment. 111, Oil 
Zinc oxide, formation, Itli « 

reduction temperature of, lllli 1111 
Zireonia, properties, 890 

refractories, 390 898, 402 
Zirconium, 1411 

Zwoycr briquetting process, 432, 434 




